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 Abstract  : By adopting two interferometer systems, for the decameter radio waves, 
which consist of two regimes of base  line lengths, i.e. a 100 m range short base line system 
 (SBLIS) and a 100 km range long base line system (LBLIS), a group of pulses of the 
decameter radio waves have been identified in the frequency range from 20 MHz to 30 
MHz. The sources of the decameter pulses have been identified to be the center of our 
Galaxy with resolution of  +1"for  la (dispersion) with frequency dispersion measures 
between 180 to 220 pc/cc. From the spectra of the pulsations within a range from  2.44  x
 10' Hz to 12.4928 Hz twenty four sets of pulsations are identified with clear 2nd and 3rd 
higher  harmonics  ; many of the spectra of the harmonics of the pulsation are associated 
with side band modulation caused by the frequency modulation effect on frequencies of the 
pulsations due to the Doppler shift originated by orbital motion of the sources. Consider-
ing the power levels ranging from 2,000 Jy to 10,000 Jy and total power levels roughly 
ranging from  10"--2 x  1038 erg/sec within 20 MHz of frequency bandwidth, it is concluded 
that the sources of these decameter adio waves are near the static limit of Kerr black holes 
rotating with the periods detected as the pulsation by the decameter wave observations. 
Due to an extreme red-shift caused by the general relativity effects at each sources located 
near the static limit, all of the radiation energy could be compressed in a narrow wave-
length range longer than hectometer or short side of the decameter wavelength range. 
The wave form of each pulse from the black hole source shows a major dip and a few minor 
dips almost commonly in all of the identified 24 black holes. For interpretation of this 
evidence, a  model for equator region of rotating black holes has been  presented  ; the 
sources are located at the static limit near the equator  region  ; and from inhomogeneously 
distributed inlets, plasmas are  inflowing into the black holes. The portion of active plasma 
inlets become intense parts of the radiation sources while a possible eddies associated with 
intense magnetic fields would impede the inflowing process of plasma into the black  holes  ;
this portion may correspond to the dip in wave forms of the pulses. Based on the 
assumption of the source position at the static limit, the mass M of each black hole is 
calculated taking detected periods T of the pulses as of Kepler rotation of sources at the 
static limit of the Kerr black  hole  ; i.e., we applied the equation  MI1140=0.964 x  10° T (sec). 
The list of estimated masses of black holes is made giving name to 24 black holes from a 
to x starting with code Ga-, i.e., from Gaa to Gax. The largest black hole Gaa has mass 
of  1.25(±0.03)  x 106 Ma and smallest black hole Gax has mass of  3.15(±0.06) x 10'  Ma  ; 
these 24 black holes give total mass of  4.68(±0.09) x 106  Me within central 0.08  pc. 
   With resolution of 1" by using LBLIS, source positions of all 24 black holes are
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 identified. The results show that black holes are making cluster of the black hole  (CBH)  ; 
in the central  CBH which coincides with the center of Sgr A, West, eight black holes Gaa, 
Gab, Gac, Gaj, Gak, Gan, Gao and Gai are included and the total mass is  3.13(±0.06)  x 106 
 Mo. In the East CBH, which is shifted towards east of the center by about 1", five black 
holes Gad, Gae,  Gaf, Gag and Gah are  included  ; the total mass of East CBH is 
 1.40(±0.03)  x 106  Me. In West CBH, which is shifted by 4" towards west from the center 
of Sgr A West, six massive black holes Gal, Gam, Gap, Gaq, Gar and Gat are  included  ; the 
total mass is 1.23(±0.03)  x  105  Mo. South CBH is located about 0.7" shifted towards south-
west from the center of Sgr A  West  ; three black holes  Gav, Gaw, and Gax are  included  ;
the total mass is  1.05(±0.03)  x  105  Mo. Two black holes Gas and Gau have isolated 
positions being shifted from the center towards north by 4" and towards south-west by 1.8", 
respectively. 
   Analyses of decameter adio wave pulses from Gac for the data since 1990, show that 
the period of Gac varies with period of 6.5 years and the change rate is  +2.4  x  10-3; from 
this clue the lower limit of the mass of the related motion of Gac has been derived about 
1.0  x  105  Mo  ; this becomes witness that we are definitely studying the super massive black 
holes by investigating the decameter pulses from the region of the Galactic center. 
   Considering observed frequency gaps of the side bands associated with each higher 
harmonics of the pulses that are caused by the frequency modulation due to the Doppler 
effects of the orbital motion, the orbital speeds and relative positions of black holes are 
estimated. The list of coupling systems has been made. Two major black holes Gaa and 
Gab are making close binary of the black hole system orbiting with period of 964 sec with 
distance of 1.92 x  10'  km  ; the orbital speed of Gaa and Gab are 5.58 x  104 km/sec and 6.91 x 
 10'  km/sec, respectively. Three systems of close binary of the black hole are found in 
Central CBH, two systems in East CBH, one system in West CBH and South  CBH. 
Extreme case of the shortest rotation period is in Gaw and Gax system where two black 
holes  with 3.09 x  10'  Mn and 3.02 x  103  Mo are rotating with period of about 2 sec. We 
should conclude, however, that there is no high radiation of the gravity waves considering 
long persistence of the binary system.
   Subject  heading  : Galaxy  : center—black hole  dynamics—black  hole  :  motions—black 
 hole  :  clusters  instrumentation  : interferometers—radio  lines  : decameter pulses
1. Introduction
   Since the first suggestion of the possibility of existence of a massive black hole at 
the center part of our galaxy (Lynden-Bell and Rees 1971), a sequence of results of 
successful researches have suggested a limit of the mass of a possible super massive 
black hole. In the early phase of the studies, the possibility of the existence of a super 
massive black hole had been estimated from observation results of gas flows in the 
central a few parsec of the Galaxy (Lacy et al.  1980  ; Serabyn and Lacy 1985). Using 
radio waves, the flow of ionized gas inside of 1.5  pc has further been investigated by Lo 
and Clausen (1983) indicating the evidence of the infall of ionized gas towards nucleus 
forming a number of streamers. The first explicit suggestion of a super massive black 
hole was made by observations of velocity fields within 2 pc of the galactic center, using 
Ne II, 12.8  m fine structure line emission from Sgr A West (Serrabyn and Lacy  1985)  ;
their studies indicated that there exists the mass of 4.7 x 106  Mo within central 1.7  pc of 
the galaxy and finally inferred a super massive black hole with mass of  3-4  x 106  Mo. 
For the studies depending on the gas flow, it was, however, thought that gas and ionized 
gas react to the forces from complicated origin such as magnetic fields, friction in the
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turbulent flow and dust plasma interaction processes and so forth. To be free from this 
arguments, observations of stellar motions in the center part of the galaxy become 
popular method for searching the possible black hole. From detailed observations of CO 
band of the stellar origin with resolution of 20" at the galactic center McGinn et al. (1989) 
arrived at conclusion that a possible black hole exists with the mass of  2.5  x 106  Me 
together with the distribution of the stellar clusters in the core radius of 0.4 pc of the 
galactic center, they indicated  3a upper limit of the central mass is 6  x 106  Mo. The 
results were further confirmed based on the same category of the observations conclud-
ing unseen mass of  5.5(±1.5)  x 106  Mc) within a 0.6  pc radius of the galactic center in 
order to explain the results of their observation of the stellar kinetics (Sellgren et al. 
1990). A series of recent research results (Genzel et al.  1996  ; Eckart and Genzel 1997) 
have provided further extensive data for analyses of the stelar motions in the central 0.1 
pc with resolution of 0.02" and made conclusion that there is a  2.45(±0.4)  x 106  MG 
central dark mass located within  0.015 pc of the Galactic center. They also have 
concluded that inferred density of the central mass concentration is probably a single 
massive black hole. 
   Among thecurrent of the quest for the existence of super massive black hole at the 
galactic center a new method had been started by discovering the pulses of the decameter 
radio waves from the origin located 20" of the center region of the galaxy (Oya,  Iizima 
and Morioka  1987  ; Oya and  Iizima 1989). With dispersion measure of 260 pc/cc, a 
source of decameter pulsation with the period of  421.605 msec, which varies with observa-
tion season caused by the Doppler effects due to the orbital motion of the Earth around 
the sun, has been identified. Considering included power of 5  X  10" erg/sec within band 
width of 10 MHz, centered around 25 MHz, the source position of the decameter wave 
pulsation is considered to be at the static limit in the equator region of a Kerr back  hole  ; 
the radiations are, therefore, under extreme condition of the red-shift that makes the 
original wide range of the wavelength of the electromagnetic wave including light and y-
ray radiation compression into a range longer than decameter wave radiation resulting 
such large energy density within 10 MHz band width. Based on this assumption, mass 
of black hole was estimated in a range from  1.8  x  103  Mo-104  Mo. Since then, it was 
a current subject to find the relationship between already inferred super massive black 
hole with the mass with order of 106  Mo that was estimated from the celestial dynamics 
in the center part of the galaxy. To solve the problem, new observations of the 
decameter pulses have been started in Tohoku  University  ; and applying two interfer-
ometer systems which consist of a short base line interferometer system  (SBLIS) with a 
100 m base line range and long base line interferometer system (LBLIS) with a 100 km 
base line range, further extended studies of the decameter pulses have been made for the 
region 16" range around the center of the galaxy with resolution of 1". 
   The present paper is purposed to report the results, of more extensive research using 
this new observation  system  ; especially reports of discovery of 24 massive black holes 
with masses, relative positions and the motions are the main purpose. In Sec. 2, after 
introducing the new observation system, results of more detailed and extensive studies
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on the already discovered 421.605 msec decametre pulses have been described as a 
prologue to be followed by discovery of 24 black holes, being separated into four clusters 
of the black holes in the central 0.082 pc of the galactic center. Especially importance 
of the method of Fourier analyses averaging over  105 to 106 times is also in Sec.  2  ; by 
this called Method of Expanded Fourier Analyses with  Mega-trial (MEFAM, hearafter), 
the spectra of pulses can be clearly identified with resolution of  10-4 Hz. In Sec. 3, 
discovery of three major black holes at the center part of the Galaxy, by adopting 
MEFAM, is  described  ; the studies have further been extended in Sec. 4 for detection of 
the motions of  these three major black holes by analyzing series of side band data 
obtained as results of MEFAM. Identification of all of 24 black holes which are 
separated in major 4 clusters is given in Sec.  5  ; descriptions are also given in Sec. 5 for 
the source directions, pulse shapes and close coupling system of black holes. We discuss 
reliability of the detected parameters of the discovered black holes and also discuss the 
difference between the already reported suggestion of mass of super massive black hole. 
All of the discovered evidences are summarized in Sec. 7 as the conclusion.
2. Basic Step for Adoption of Decameter Pulses Observations for  Detection of 
   Massive Black Holes 
2.1 Observations by  SBLIS and LBLIS  interferometers 
   Observations have been made using interferometers with two stages of base lines. 
The first interferometer system which is called SBLIS (Short Base Line Interferometer 
System) here consists of array of 9 elements which make 36 combinations of base line 
lengths ranging from 15 m to 150  m  ; the system is located at  Iitate, Fukushima Prefec-
ture, Tohoku, in north-east region of Japan. At each element log-periodic cross Yagi 
antennas to cover from 20 to 40 MHz is installed. After separation of the polarization 
between the right-hand and left-hand circular senses the signals are amplified through 
 pre-amplifiers at each point of the element  antenna  ; and the signals are fed to three-
stage super heterodyne receivers where the signals have been amplified through multi-
channel amplifiers, prepared in the back end stage of the system, that separately consists 
of 16 channels with 50 Hz bandwidth for signals from 18 receivers corresponding to two 
separated polarizations for all 9 antenna elements. The center frequency of observation 
band of the 16 channels are then given from  f  +900 Hz to  f  +1,600 Hz, with  50  Hz gap for 
the selected common frequency f of the observation system. For the phase control of 
the interferometer array we have utilized two different methods of the instrumentation. 
The first is a type to operate the system without phase calibration called, here, Type A 
 system  ; and the second is the system where all phases of the receivers in the interfer-
ometer are  calibrated to be controlled by a computer to track aimed celestial objects. 
The later type is here called Type B system. Before the observation of March 1999, we 
mainly operated type A system and changed to type B system after March 1999, observa-
tions. In the Type A system, tracking of the celestial objects is made using the principle 
of root mean square method. That is for a selected base line the detected phase signal
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 Du is obtained as 
                 Dii=—21E,E;cos[e(t)+ 0,— 0,], (1) 
with E,  0 and  e  respectively for amplitude, phase and the phase variation of the objects 
due to Earth's  rotation  ; suffixes i and j indicate that the values belong to  i-th and j-th 
antenna-receiver systems, respectively. When we generate afunction  cos  0,i(t) to track 
the object by this system and apply root mean square method, the output  D, can be 
expressed by 
      11                 Do =4EE W—Acos2( 0,— 0;)]2
                                                4 
                                              (2) 
 1   Md  • 
For the signals from sources that do not follow  e(t) relation, the signals are phase 
mixed within a given integrating time. Thus by sacrificing the level by 1/2 we can select 
the signal from the target direction which gives variation  e(t) even under the non phase 
calibrating condition. The interferometer array in a type A system is, then formed in 
the digital computer after the conversion of the detected analog signals through 18 
(receivers)  x 16 (frequencies) channels into the digital data through A-D converters in 
which 12 bits digital data are obtained for each channel with data rate of 250 points/sec. 
The common detection frequencies f are selected at 21.86, 25.3, 26.0, 27.0 and 29.3 MHz, 
in the observations using this short base line interferometer array. The effective 
operation of this system is however limited under the condition where the pulse signal 
passing through the receiver can keep a level larger than the threshold level correspond-
ing to the least significant digit of AD converter. In the Type B system, the phase 
control of the receivers has been made in the intermediate frequency stage at 455 kHz by 
adjusting voltage control capacitance by the control voltage fed from the control 
computer (see Figure 1 for principle). In this case phases are controlled to be 
 0i=  0,, (3) 
in equation  (1)  ; then we can obtain the result without applying root mean square method 
as 
                   1E J  Do=4EEEJ. (4) 
Because this value can be obtained before the function of A-D converter, resulted S/N 
ratio increases extremely compared with the case of type A system operation. In the 
long base-line interferometer array which is here called LBLIS (Long Base Line Interfer-
ometer System), four element-stations are located in Miyagi and Fukushima Prefectures 
(see Figure 2 and table 1) with 6 combinations of base lines ranging from 45 km to 115 
 km  ; at each element station, Yagi antenna for 20-30 MHz range is installed. The 
signals from Kawatabi, Zao and Yoneyama stations are transmitted directly to the 
central station at Sendai, through the telemetry channels, with phase controlled carriers
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Fig. 1. Block diagram and principle of the voltage controlled phase shifter applied in 
the interferometer. By providing control voltage to variable capacitance (varicap) 
the interferometer  systems make tracking the  object  ; the control voltage is generated 
through D-A converter for the digital signals fed from a computer which calculate 
output voltage to track the object every 3 seconds.
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Fig 2. Locations of the element stations of the long base line interferometer system 
  (LBLIS)
Table 1 Locations of Four Stations of the Interferometer Network
Station
Kawatabi  
Zao
Yoneyama  •  •  •
 Iitate
Latitude
 38°44'54" N 
 38°06'17" N 
 38°36'52" N 
3T42'44" N
Longitude
 140°45'57" E 
 140°32'45" E 
 141°14'37" E 
 140°40'22" E
Altitude
224 53 m 
705 23 m 
 61  01  m 
593 37 m
in 40 to 60 MHz range while the data at  Iitate station are memorized in tape recorders 
with high accuracy timing. The receiving and phase detection system is almost same 
with the case of the array in SBLIS that has already been described above.
2.2 Analyses of the data 
2.2.1 Tracking of the Source Position 
   Both in  SBLIS and LBLIS systems, the tracking of the source position with interfer-
ometer arrays has been made through a synthesize procedure of the signals from element
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antennas applying reference signals, which are generated for given base lines expressed 
by vectors  rz, between the i-th and j-th antenna elements. That is, we can rewrite 
reference fringe function  o(t) to track the radio emission with the wavenumber k(t) as 
 cosei,(t)=cos(k(t)• (5) 
From the widely distributed signal  S0i(0,  6, t) in the sky at the right ascension  q and the 
declination 6 at the time t, the signal  Du given in equation(1) with the wave vector k(t) 
can, then, sorted for Type A operation, by applying 
                     N.N* 1fir
Jratft+z-         F(c', 6, t)=E E— Jt1,5,23(0, 6, t)cos eb(012dadcbdt, (6)                 oo 
where* mark denotes that the combination of signals from the same antenna re omitted. 
Following the principle given in equation(2), then, we can obtain the intensity of the 
signal that comes solely from the direction k(6,  co, t), within accuracy allowed by the 
integration period  r. Thus we can obtain the source position even though the phase 
differences between the  i-th and j-the antennas are not calibrated, in the Type A 
operation, if we sacrifice the detection level to be 1/2 in average. As has been 
described in the subsection 2.1, we have the same result without sacrificing the detection 
level to be half, in the Type B operation.
2.2.2 MEFAM analyses 
   To search for the decameter pulses, we first applied the Fourier transformation to 
the obtained time series of the data. It has already been established that real Fourier 
spectra obtained by single trial for signals mixed with random noise background contain 
error of  100%  ; and the normalized eviation  ,a for average times of k can be reduced to 
 =  ,/21k. (7) 
In the present analyses, calculations have been made for data series in 16 channels with 
frequency band width of 50 Hz each, making 36 combinations of interferometer baselines 
for every four sets of time intervals in one day observations. During a set of time 
interval, we can then make Fourier analyses of  106 independent trials. When accumula-
tion of data has been made for  9.45  x  105 time trial of the Fourier analyses, then we can 
obtain the spectra with error rate of 1.02 x  10-3. As has been indicated by an example 
given in Figure 3 for the case of the observation for the decameter wave at the frequency 
25.01360 MHz, there are apparent speaks about  3.20. level. This diagram is made, then 
by subtracting constant bias of spectra corresponding to back ground white noise with 
level of 75.4 in arbitrary unit. The peaks in the spectra in Figure 3 is indicated being 
multiplied for the range less than 0.25. These results of expansion of Fourier analyses 
data after averaging  106 trials is called, in this paper, Method for Expanded Fourier 
Analyses with Mega-Times Trial (abbreviated MEFAM). MEFAM analysis becomes 
basic tool for investigation of the decameter pulses from the galactic center. Using the 
results of MEFAM given in Figure 3, possible decametre pulses are  identified  ; within 
resolution of 0.12 Hz then, it is clarified that there is a source of pulses with period
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3. Result of MEFAM in a pulse frequency range less than 12.4928 Hz with 
resolution of 0.124928 Hz. This result has been obtained for the observations 
made in March 11 to 12, in 1999 at 25.01360 MHz with bandwidth of 750 Hz. The 
data of MEFAM are obtained after averaging  9.45  x 105 trial of the Fourier 
 analyses  ; white noise of 75.4 with arbitrary unit is  subtracted  ; ordinate is in-
dicated with the same arbitrary unit with the case of the white  noise  ; 0.077 in the 
ordinate has  la  significance  ; peaks with letters from 1st to 4th show the corre-
sponding harmonics of pulse spectra of D-PRBH  Gav (see subsection 2.4.2 for D-
PRBH and Sec. 5 for naming  Gav).
around 421  msec being associated with the second, third and fourth harmonics. Using 
this result of MEFAM as a clue, the box-car method has been applied to confirm the 
wave form, which provide dispersion measures, and source position of the detected 
decameter pulses.
2.2.3 Narrow frequency bandwidth detections 
   There are two purpose in the narrow frequency bandwidth observation, for obtaining 
accurate wave form of the decameter pulses of which source is located at a long distant 
point in the Galactic space. The first kind of purpose of the narrow band observation 
is for the dispersion compensation. For this purpose, observation frequency bands are 
divided into 16 channels with frequency bandwidth of 50 Hz, both in  SBLIS and LBLIS 
where the observation frequencies are selected from 21 MHz to 30 MHz. The second 
kind purpose to use the narrow frequency bands observation is to avoid the multi-path 
effects. We estimate that present observations are subjected to a large multi-path 
effects with blurring time of 1,600 sec, for the observation frequency at 30 MHz for the 
source located at our Galaxy center, considering  w-4 relationship for the observation 
angular frequency  co. This shows that we can not detect any pulse form with period of 
 0.421605 sec when we adopt real-time base observation system with wide frequency 
bandwidth. A theory here shows, however, that we can detect coherent signals even 
under the severe condition of the blurring time due to the multi-paths effect, when we 
apply sampling method under the condition of an extremely narrow frequency bandwidth 
B, that satisfies
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 27z-BTo<  1, (8) 
for the characteristic blurring time  To. For the case of  To=1,600 sec, therefore, B is less 
than about  10-4Hz. The coherence of pulse signals under multi-path effects had been 
analyzed by Sutton  (1971)  ; we apply the basic point of his theory here. When radio 
emission from a source is a pulse train modulated by a pulse train g(t), that is given by 
                g(t)-- 0amcos{mpt +c9m], (9) 
for angular frequency p of the pulse repetition with amplitude  am and phase  com for each 
m-th harmonics, the wave signal at  ts=  kTp+  nr for the time  is at the source point can 
be transported to receiving point by radio waves at an angular frequency  co with a 
narrow frequency band  2B0 that covers from  —Bo to  Bo as 
                                             Bo  Sn(t  , k,  n)= ifamfcos[mp(kTp+ nr) + gon]  m—O—Bo(10) 
 X  cosr(w+27rB)(t  —(kTp+  nr)+19)]c1B, 
where k, n,  Tp and r are, respectively, the integer to show pulse number in a time series 
of pulse train, the integer to show the phase within a pulse period, the pulse period, and 
constant time which is set to be  Tp>r. That is, the function  Sn(t  ,  k,  n) given in 
equation(10) carries the pulse form sampled at  ts=  kTp+  nr. At the observation point, 
then, the received signal  Snr(t) becomes as 
          Snr(t)—EB                   0'I—aT 0 e(cos[(+2B)(t — kTp+  nr)],           m—fB0 
 X  cos(mnpr  +  c'm)dBdTs 
where  T, is the characteristic blurring time (see Komesarof et al., 1972, for reduction). 
By a receiver the signal component at t  kTp+  nr +  Ts, is detected as 
                         { rizTp+nr+Tsr  Tr 1/2  g(kTp+nr)=   fIS;17-( t)12 dt}(12)                                     _IJhTp+nz-+Tsr 
where  T„ and  T, are the propagation time between the source and receiving point and 
the integration time for the detection of the signal in the receiving system, respectively. 
After a mathematical manipulation following Sutton (1971), eq (12) can be rewritten as 
 g(kTp+  nr)= 0amcos(mnpr +c9.)                                  m= 
                                              (13) 
 2T 
 x 1  fdBdxcos[22rBx]e-W}1/2, 
                                    o—13.—co 
where  x=  Ts,—  Ts2 for  Ts=  Ts1 and  Ts=  Ts2 in equation(11). Adopting the box-car 
method to power (S(t)}2, the result is expressed by 
                     NTNT  {S(nr)}2=TXtg(kTp+ nz-)12. (14) 
Using equation(13), it follows that
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           {S(nr)}2= R-Toamcos(mnpr +coni)}2arctan(27rBo To). (15) 
For the narrow frequency band width which  satisfy  : 
 2  R-Bo  To  <1, (16) 
the result becomes 
 M 
 S(nr)—  E  amcos(mnpr  +  co.)- (17) 
   By this theory we can confirm the feasibility of the present method to detect the 
pulse with the period of  0.421605 sec under the condition of  T0=1,600 sec, when we apply 
observation method with the narrow frequency band width of  10-4 Hz. It is very 
important o note that detected signal becomes zero for wide band observation under the 
condition  2jrBoTo>>1. 
   Experiments with regular wide frequency band-width are, then, inadequate to 
conclude that there could be no apparent decameter sources at our Galactic center 
(Erickson et al., private communication, 1991).
2.2.4 Adoption of Box-car method 
   An extremely narrow frequency bandwidth for the observation of the pulses is also 
realized by applying the box-car method by sampling the data at the pulse frequency 
which results in the transfer function  1G(Lico) for the angular frequency bandwidth  J(.0, 
as 
         G(,%10))=sin( NTZicuTP(18)                          2NTLI2WTP) 
where NT is the stacking number of the data in the box-car  method  ; and  Tp is the pulse 
period. From this expression we can obtain the frequency bandwidth 2B0 as 
 47rB0=-- (19) 
In this experiment, the data are accumulated from  104 to  10' times, i.e. we can apply the 
stacking number NT, in a range  104<  NT  <107  •
2.3 Observation Results of 0.421 sec Decameter Pulses 
2.3.1 Pulse form and the pulse period 
   Example results of the pulseform are indicated, in Figure 4,  for the observations at 
26.86  MHz  +900 Hz, 25.30  MHz  +900 Hz, and 29.30  MHz  +900 Hz. In the results of the 
pulse form, we can see two sub-peaks with a clear main dip. There are apparent 
difference of the pulse shapes between the right handed and the left handed polarizations 
suggesting a highly coherent nature of the original pulse signals. In Figure 5, observed 
pulse period has been plotted versus observation time of the seasons being compared with 
the predicted pulse period which has been calculated considering the Doppler effect, due 
to the orbital motion of the earth around the sun, assuming the position of the source of
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Fig. 5. Seasonal variation of the pulse period of  Gay. Due to the orbital motion of 
   the Earth around the sun, the pulse period changes inusoidally showing ood 
   agreement with Doppler shift for the sources in the direction of the centerof the 
    Galaxy.
pulses at the center of our Galaxy. Good coincidence between the observed and calcu-
lated periods shows that the source is in the direction of our Galactic center, with original 
pulse period of  421.604  +  0.001 msec.
2.3.2 Source Position 
   In Figure 6, the results of the analyses for  SBLIS observation are indicated for 9 
example cases observed on 1997 May 17 at 21,860,900 Hz, 21,861,200 Hz, 21,861,500 Hz, 
observed on 1996 September 5 at 25,300,900 Hz, 25,301,200 Hz and 25,301,500 Hz observed 
on 1996 September 25 at 29,300,900 Hz, 29,301,200 Hz and 29,301,500 Hz. The center of 
mapped diagram for each observation case is set at the location with right ascension of 
17h 45.6 m and the declination  of  —28°56', that is known as the position of the center of 
our Galaxy. The deduced source position coincides, therefore, with the center of our 
Galaxy within a range of  +30'. Being based on this large scale decision of the position 
further detailed decision of the source position are made using LBLIS, the results 
obtained for the data observed on 1997 August 10 to 11, at 21.860 MHz, has been discussed 
later in Sec 5. The results show that the source position is in the central region of 
Galactic center being shifted by 0.7" towards south-west from the center of Sgr A West.
2.3.3 Dispersion Measure 
   In Figure 7, dynamic spectra of the pulses of  Gay (see subsection 2.4.2 and Sec. 5) 
are indicated with frequency resolution of 50 Hz in the frequency band width of 750 Hz 
selected in the frequency ranges close to 21.86, 25.30 and 29.30  MHz  ; we can see  remark-
able dispersion effect in this result. The dispersion measure in terms of NL, for the 
electron number density N and the distance L, shows  NL-167  pc/cm', 179 pc/cm3 and 
187 pc/cm3 respectively for 21.86, 25.30 and 29.30 MHz. From the average electron 
number density of 0.03/cc in the Galactic space, expected dispersion measure is in range
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from 240 to 255 pc/cc. The results are, therefore, apparently smaller than the expecta-
tion considering identified source position in the region of Sgr A West. Even this 
difference of the dispersion measure, the result is, however, thought that the source is in 
Sgr A West. The cause of this smaller dispersion measure can be attributed to the 
source condition under the extremely dense plasma. 
   For the situation of dense plasma, where propagating wave frequency is less than
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local plasma frequency the wave can only propagate the media in the form of the 
whistler mode being guided by the magnetic field. In this case the dispersion measure 
takes opposite sign in the region for  fc12<  f  <  fc(f, is the local electron cyclotron 
frequency) for the frequency f of the propagating waves. This point has also been 
discussed in Sec. 5.
2.3.4 Power 
   Observation results for power levels of 421.604 m sec decameter pulses from  Gay 
have been already indicated in Figure 4 where the pulse heights are given by percentage 
level relative to the back ground level of the Galactic emissions from the same direction 
within the resolution of the direction of the interferometer array system. The estimated 
power at 21.86 MHz is, then, about  7.2  x  103  Jy  ; this value suggests that the source of the 
pulses is a quite special object that is apparently different from usual pulsars when we 
investigate xtremely high total power radiation, considering the distance about 8 to 8.5 
kpc. 
   The power data of the present decameter pulses observed in the frequency range 
from 21.86 MHz to 65.4 MHz have indicated that the frequency dependence  p(f) with the 
index of  (—  3.5  +0.5), i.e., 
 P(f)ccf-15±0.5 (20) 
                                                                                                                                                                                             - Considering the spectral index of —0.8 for the case of the Galactic decameter radiation 
in general, we have one of the evidences for the confirmation that the detected pulses are 
not result of the modulation on the Galactic back ground noise in the propagation 
processes.
2.4 Estimation of Mass of the Kerr Black Hole from the Decameter  Pulses 
2.4.1 High Power Concentration 
   Considering such unusual nature of the decameter pulses with coherent and extreme-
ly high power emissions located at the center of our Galaxy, it is concluded that only 
possible source of this decameter pulses is a rotating black hole that is located in a region 
near the center of our Galaxy. We consider that the pulse period represents the rotation 
period of the source which shows inhomogeneous intensity circulating black holes being 
caused by plasma  conditions  ; the plasma is rotating with the Keplerian rotation period 
in the region very close to the static limit of Kerr black hole. 
   The selection of the source position of the decameter pulses to be near the static 
limit of a Kerr black hole is crucial when we consider possible confinement of the 
radiation power mostly within a decameter wavelengths range. This can be verified by 
investigating energy budget of a black hole, which is controlled by incoming energy rate 
 en rate of energy  e  ro remaining in the black hole in the form of the rotation of the black 
hole, and the rate of the radiation energy  E:„. We simply express the energy budget, 
then, as 
 1-=  ro+  ra. (21)
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This expression is rewritten by 
introducing a ratio of the remaining energy to the incoming energy rate as 
 a—  E  rol  I 
Assuming  1010  years for growth of the black hole of the present study, with  tin 
 DP  M®, an upper limit of can be estimated to be 1.14 x 10" erg/sec. 
assume white  noise spectra with frequency limit of 10" Hz (extended to UV  t 
estimated  ra  value becomes 2.31 x 10" erg/sec, being based on the  observati 
made in  107 Hz  bandwidth. We see then a large contradiction Q. „ for  t 
budget. We are then needed to consider a large red-shift effects of general 
That is, because of the red-shift, the total observation wavelength could  bi 
within a limited  frequency band width less than 108 Hz, as an assumed e-1 
 limit  ; this upper limit can be set from the suggestion of the spectra index,  —3 
based on  observation results in 107 Hz bandwidth again, the total radiation 
estimated to be
(22)
(23)
 ifs  th   k l    sent y,  mass of 4 x 
 li it    i ated   .    /sec. When we 
 ' ctra  uency it    tended    ange),the 
 e es  42 /sec, i g d    on results 
 indwidth.    e tradiction  :heenergy 
 ed  sider e -shift cts  eral relativity. 
  -shift,  l rvation elength ld  e confined 
 .
uency  th    ,   ed  hold upper 
l       estion   ctra x, .5. Being 
 tion lts   width in,  l iation power is
 era-2.31  x  1035erg/sec. (24) 
That is, a in equation(22) is estimated as 
 a-1-2.03x  10-743 (25) 
where  /3 is a ratio of radiated energy E  ra to the energy supply rate  E, due to the plasma 
flow into the black hole. From the experience of studies on the planetary radiation, we 
may select the value to be in a range from  10' to  10-2. From the deduced  a,value, 
the energy brought by infalling plasma can be estimated to be  2.03  x 10-5-1.03 x  10-4 of 
the total incoming energy of which major part remains in the black hole in the form 
of the rotation energy of the black hole. 
   When the sources of the decameter pulses are solely located near the static limit of 
the Kerr black hole, then, we can expect he situation where whole radiation energy up 
to  10'5 Hz is compressed in a frequency band less than 108 MHz. This  108 MHz is not 
absolutely fixed nor confirmed value, there could be possibility to extend more than one 
or two order of magnitudes depending on the detail conditions around the static limit.
2.4.2 A Model of D-PRBH 
   Since the observed decameter pulses are not from neutron stars, we cannot call the 
source as a pulsar but should define as a new celestial  phenomenon  ; we call the phenome-
non Decameter-Pulses from Rotating Black Hole (PRBH) (abbreviated D-PRBH, here-
after). From the observed pulse shape and clarified sources at the region of static limit 
of a Kerr black hole, we here present a model of the decameter D-PRBH. In Figure 8, 
the model of radiation mechanism of D-PRBH is  depicted  : The most effective regions 
for the electromagnetic wave radiations are in equator  region  ; the plasma continuously 
flow into the black hole and flowing plasma becomes always the origin of the electromag-
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 Fig.  8. Model of the sources of the decameter pulses at Kerr Black hole. The 
   rotating black holes are associated with eddies with  helical magnetic fields which 
   are twisted due to the rotation of the plasma in the eddies. There is at least one 
   major eddy that corresponds to the major dip of the decameter  pulses  ; existence 
   of the sub-eddys also corresponds to the observed sub-dips of the decameter 
   pulses. The radio wave emissions in the source is due to the infall plasma near 
   the static limit which rotates keeping the velocity to maintain Kepler's third law 
   for the eddies. Radiated electromagnetic wave frequencies are extremely red-
   shifted.
netic  waves  ; some parts may be generated directly by beam plasma instabilities and 
some parts may be generated by the mode conversion from the electrostatic plasma 
waves to the electromagnetic waves (Oya 1971). The observed shape of the decameter 
pulses shows that there is an apparent dip that corresponds to the region of less effective 
radiation of the electromagnetic waves. It has been confirmed that there are apparently 
one major dip in all other black holes (see Sec. 4). We then conclude that there is a large 
eddy in the ergosphere of the Kerr black hole, which persist for a long time. The eddy 
is associated with intense helical magnetic field or cluster of intense helical magnetic 
fields which impede the infall of plasma. while the other portions outside of the eddy 
become effective sources of the electromagnetic wave radiation, this eddy area becomes 
less effective or dark part for generation of the electromagnetic waves. 
   The requirement for the long persistence of the eddy does notnecessarily mean the 
requirement of permanent nature of the  eddy  ; but that may be reorganized period by
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period. However, considering long persistence of the red spot of Jupiter, that is existing 
at least more than 400 years, the possible life time of the eddy around the supper massive 
black hole is estimated to be longer than  1016 year, when we simply consider the 
difference of the ratio of the angular momentums of the material at the surfaces of the 
present discussing black hole and that at Jovian  surface  ; i.e. the ratio becomes 2.6 x  1013. 
In the regions close to the static limit of the Kerr black hole the relationship between 
distance and time measured in an inertia system is related by Kerr's s solution for the 
time passage measured at the local position around the black hole as 
                                                           1 
                           ro,-    cdt=(1r2+ dcos20)2c • dtB, (26) 
where rs and  9 are the schwarzschild's radius and  co-latitude  ; a is constant related to 
the angular momentum J of the rotating black hole. That is, 
 2  GM          r
s— c2 (27) 
and 
                     J
 a=       Me(28) 
for the black hole mass M and the light velocity  C. We have already discussed that 
there could be the red-shift rate of  10-7, at the source regions, then it is given that, 
                    rsr            1 222—10 7  (29)                          r+ acos 0 
From this relation the source position is obtained as 
                  r= 21{ rs +,14—  a2cos2 el. (30) 
In equator regions, therefore, 
 r  =  is. (31) 
The eddy that becomes origin of the dip region and becomes the principal cause of D-
PRBH makes rotation keeping Kepler's Third Law in the ergosphere, that is expressed 
by 
        s22= GM                                                (32)                                                            12 
                Y3[1+ (kfc2X GR3)21 
where  1 is the angular velocity of the sources and dip forming region. For "a" value 
given in eq(28), it is needed to clarify the moment of inertia of the black  hole  ; at this 
stage, therefore, we express J in more general way by introducing another parameter x 
which is defined as 
2
                    a= —( rsn             Mcc''') X (33)
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Fig. 9. Ratio of the black hole mass M to period T of the pulse from the source near 
   the static limit of Kerr black hole. The ratio is given in the unit  MG/sec asthe 
   function of x which is set as parameter to express the moment of inertia  J of the 
   black hole as given in eq(33) in the main text.
From eq(32), therefore, relationship between the mass M and the rotation period 
be obtained taking  r=rs as 
                M    Mo=1.145x 104( ,/1+2x —1  )T. 
In Figure 9, MIT values are plotted versus the unit of  MG/sec.
T can
(34)
2.4.3 Moment of Inertia of Kerr black Holes 
   Two extreme cases are selected as assumption of the moment of inertia of Kerr 
black holes. The first is a case of a simple homogeneous distribution of the density of 
inside material. In this case it is well known that 
 X=5(35) 
Starting from this standard, we can consider  x value for two categories of material 
distribution. For rather cold inside where the equilibrium state is controlled mainly by 
the gravity field inside of the black  hole  ;  x value decreases to be smaller than 0.4. For 
the hot inside where the kinetic pressure is still dominated to resist to the gravity, the x 
value increases to be larger than 0.4. In this context, we consider the case of high 
temperature case keeping the energy of the infalling material at each stage of the growth 
of the black hole. In this case, the material swallowed into the black holes had been 
energized by releasing the kinetic energy which is proportional to the gravity potential 
in the time of the infall into the black hole. The temperature Te of the material inside 
black hole is then expressed by
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              Te___1( GM)/n(36)                            X\ / 
where  x, m and r are the Boltzmann constant, the average mass of the infall particles, 
and the size of black hole at each stage of the growth, respectively. Applying non-
relativistic approximation of the fluid kinetics we can find an equilibrium as 
                    _  ap   _  n(   GMm             dr r2 - mrD2),(37) 
where  p is pressure and  n is the number density of the particles in the black hole, also 
relation 
 p=  nxT (38) 
is applied. In the case of moderate size black hole with mass order of  104  Mo mutual 
distance of elementary particles is in the order of  10-" while elementary particles in a 
super massive black hole with mass of 106  M® takes mutual distance of  10-9 cm. The 
applicability of the assumption of eq(37) may then be more in favorable for the case of 
super massive black holes. Because the temperature takes order of 7 x  1012 K for 
protons, we may apply a concept of equivalent fluid. As has been given in Appendix 1, 
then, we can obtain the moment of inertia corresponding to  x  =  0.39 for the case of rigid 
rotation and  x=0.44 for the case of the maximum rotation with the light velocity 
forming differential rotation. 
   Taking all of these argument into consideration, the relation to find the mass M of 
the rotating black hole from the observed rotating period T is obtained  as  : 
            MMG  =0.982  x  104  T 
                  for hot insidewith rigid rotation 
              M                     =0.978 x 104 T   M
e(39) 
                    for homogeneous density, and 
             M   =0.964  x  104  T               M
0 
                for hot inside with differential rotation. 
Although we select the case to give minimum mass from the above relationships, all 
cases are included within  ±2% as possible error limit. Then we apply a relationship, 
               Ma=0.964(±0.019) x 104T. (40) 
Summarizing all of the already described informations on D-PRBH with period of 
0.421605 sec, we here obtain feature of a rotating black hole which is named  Gav, (see 
 Sec.  5). From the observed pulse period the mass of  Gav, is estimated to be 4.06 
 (±0.08)  x  103 Me with radius of  1.20(+0.03)x  104 km. The black hole  Gav is located in 
the center part of our Galaxy in the region of Sgr A. The position has further been 
clarified to be at the offset position from the very center of our Galaxy as has been
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Fig. 10(a). Results of pulse frequency spectra analyzed by MEFAM, in the pulse frequency range lower 
   than 0.0488 Hz with resolution of 2.44 x  10-4 Hz, for observation data from March 13 to 16, 1999 at 
   the decameter frequency of 25.0136 MHz. Observation date is given in the corresponding  panel  ;
   and the average spectra for the observation from March 11 to March 17, 1999 are given in the
   bottom panel. The ordinate of each panel is indicated with arbitrary unit same for the background 
   white noise with level of 5.31 that correspond to  3.40  x  102,/41- for the frequency resolution  1f. 
   The levels of  0.05 in corresponding panels has  3.456 and  96 significance, respectively for the results 
   of one day observation and the average value given in the bottom panel. The harmonic relations 
   for Gaa, Gab, Gac, Gad, Gae, Gaf, Gag and Gah are indicated with connection  lines  ; fork like lines 
   show side bands associated with each harmonics due to the frequency modulation caused by Doppler 
   effects of fast orbital motion of the black holes.
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Fig. 10(b). Same as Fig. 10(a) for the analyses in the pulse frequency range lower than 
   0.0976 Hz with the resolution of  4.88x  10' Hz.
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described in Sec. 4 with accuracy of 1 arc sec.
3. Search for Super Massive Black Holes in the Center Region of the Galaxy 
3.1  Identification of Major D -PRBH's 
   After the identification of Gav, we are now at position to search for possible D-
PRBH's related to super massive black holes in the center region of the Galaxy applying 
MEFAM procedure that has been verified to be effective for identification of the deca-
meter pulses originated from the super massive black holes. 
   The Method of Extended Fourier Analyses with Mega-trial (abbreviated MEFAM), 
(see Sec. 2, Subsection 2.2) has been adopted, in the frequency range from 1.22 x  10-4 Hz 
to 12.4928 Hz for the observation data obtained from, April to August in 1997, from 
March to May, in 1999. These observations have been made both by  SBLIS and  LBLIS  ; 
and the methods of the data analyses are made with the type A operation for the data 
obtained 1997, and with the type B operation for the data obtained in 1999 (see Sec. 2, 
Subsection 2.1). 
   In Figures 10(a) and 10(b), two examples of the results of MEFAM for the longest 
period range of D-PRBH's studies in the decameter wavelength are indicated for the 
observations made from March 11 to March 17, 1999, at the frequency 25.01360 MHz with 
band width of 750 Hz being separated into 16 channels with bandwidth of 50 Hz. The 
center of direction of  SBLIS is fixed to the galactic center with R.A. of 17h42m29.335s 
and Dec.  of  —28°59'18.6". For data of daily observations from March 11, to March 17, 
1999, method of MEFAM have been adopted with average of 1.35 x  105  times  ; four 
examples of the result analyzed for March 13, 14, 15 and 16 are indicated in Figure 10(a) 
for the pulse frequency range from 2.44 x  10' Hz to 4.88 x  10-2 Hz and six examples of 
the results analyzed for data from March 11 to March 16 are indicated in Figure 10(b) for 
the pulse period range 4.88  x 10-2 Hz to 9.76 x 10-2 Hz. In Figures 10(a) and 10(b) the 
average values of the results for analyses of data from March 11 to 17 are also indicated 
in the bottom  panels  ; as results of MEFAM with average times of  9.45  X  105 trials. In 
this diagram of MEFAM analyses, the ordinate is indicated with arbitrary unit same 
with that to express the back ground levels that are characterized by white noise. The 
error limit, i.e. the dispersion a of results given in the bottom panel is, 1.03 x  10-3. 
Therefore, each major peaks larger than 0.05 in the results correspond to levels larger 
than  6.5a  ; even minor peaks around the relative level of 0.01 have still the significance 
of 1.3a. 
   Before the study on detailed points of the spectra of MEFAM results, we first 
concentrate on the investigation of the major peaks. As has already been concluded 
from the results of MEFAM for D-PRBH of  Gav with period of 0.421604 sec (see Sec. 
2 sub  Sec.  2.4), a criterion for deciding D-PRBH is the existence of the harmonic 
relationship in the analyzed  pulse-frequency spectra. That is, we should confirm, at least, 
the existence of the second and the third harmonics in addition to the fundamental  pulse-
frequency. Within the frequency range from 4.88  x  10' Hz to 9.76  x  10-2 Hz, then, we
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Fig. 11(a). Comparison of the pulse frequency spectra analyzed by MEFAM in the 
   frequency range lower than 0.0488 Hz with resolution of  2.44x  10-a Hz for three 
   different periods at three different frequencies. Method of displaying the or-
   dinate is the same with the case of Fig. 10(a) and 10(b). Top panel : Observation 
   results obtained in August 10 to 12, 1997 at given times at  21.860 MHz with trial 
   of 2.16 x  10'  ; 0.05 level has  4.3c  significance. Middle  panel  : Observation results 
   obtained in June 5 to 10, in 1999 at frequency 23.09944 MHz with trial of 2.07  x 106  ;
   0.05 level has 13a significance. Bottom  panel  : Observation results same with
   the bottom panel of Fig. 10(a).
can confirm four D-PRBH's that are indicated with connection bars to show the har-
monic relationship with equal frequency gaps in the linear display of the frequency 
measure in the abscissa. These four D-PRBH's are then named here Gaa. Gab, Gac 
and Gad. As it has been indicated in later section, we can confirm another D-PRBH's 
in higher frequency side than that of  Gad  ; these are named Gae, Gaf, Gag and Gah of 
which spectra are also given in the bottom panels of Figures 10(a) and 10(b). 
Confirmation of the existence of these D-PRBH's are made by analyzing the data
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 Fig. 11(b). Same as Fig. 11(a) for the pulse frequency range from  4,88  x  10-4 Hz to 
 0.0976 Hz. 
Table 2. Frequencies and Levels of the Harmonics of D-PRBH for Gaa, Gab and Gac.
Date
1997
1999
Source
Gaa 
Gab 
Gac
Gaa 
Gab 
Gac
Freqzency (Hz)
1st 2nd 3rd
 7.7x  10' 
 9.6x10-3 
 1.9  x10-2
1.5 x  10' 
 1.9 x 10-2 
3.8 x  10-2
 2.3  x  10-2 
2.9 x  10-2 
5.7 x  10-2
7.7  X  10' 
9.6 x  10-3 
1.9 x  10-2
 1.5><10-2 
 1.9  x10-2 
3.8 x  10-2
 2.3  x  10-2 
2.9  x  10-2 
 5.7  x  10-2
Level
1st 2nd 3rd
6.06  x 10-2 
5.26 x 10-2 
 8.10  x  10-2
 3.05  x 10-2 
8.04  x  10-2 
 7.27 x 10-2
2.94 x 10-2 
3.82 x 10-2 
 1.59  x 10-'2
1.44 x  10-' 
1.21 x  10-1 
2.29  x  10-'
9.90  x  10-2 
 2.29  x 10-' 
 2.80  x 10-i
 1.54  x  10-1 
 1.50  x  10-' 
 1.18  x 10-1
 (  a  )
(b)
(  c  )
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Fig. 12. Wave forms of D-PRBH's Gaa, 
   (panel a), Gab (panel b) and Gac (panel 
   c), obtained by applying the box-car 
   method with the stacking times S 
 5.18x106 for the observation data of 
   April 4, to 6, in 1997. The ordinates 
   indicate the percentage value of the 
   pulse height with respect to the Galac-
   tic background radiation level. The 
   standard deviation is  4.39x10-4;the 
   level of 0.1% has, therefore 
   significance of  2.356. Two cycles of 
   the wave form have been obtainedby 
   this box-car  method  ; the major dip 
   shows significance of 9 to  10c and the 
   deviation of the each cycle from the 
   average of the two cycle wave forms 
   reduced within one  6. Because the 
   wave form of Gaa is obtained being 
   averaged over three days data from 
   April 4 to 6, the  6 value is reduced 
   further to 2.35 x  10'.
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 LI
. Direction of the sources  of  D-
 RBIl's  Gaa, Gab and Gac by using 
 UIS  for the data observed on  April , 
  1997. The results  displayed using
the coordinate centered at the Galactic 
center with R.A.  of  17114211129.355 sec 
and  DEG  of  —28-59'18.6". The varia-
tion of the height of the detected 
pulses as the  function  of the aiming 
direction of the  LBLIS is indicated by 
 e value  ; from these results, the 
sources of Gaa, Gab and Gac are 
 confirmed in the central region of the 
Galaxy with resolution of  +5" in this 
case.
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observed in 1997 August 10 to 12 observed at 21.860 MHz, 1999 June 5 to 10, at 23.0944 
Hz also by applying MEFAM. The results have been indicated in Figures 11(a) and 11(b) 
with the same format. In Figures 11(a) and 11(b), then, we can identity the spectra of the 
pulse-frequency with the same harmonic relationship given in Figures 10(a) and 10(b) for 
D-PRBH's Gaa, Gab, Gac, Gad, Gae, Gaf, Gag and Gah. 
   In Table 2, frequencies (periods inversely) and relative levels of D-PRBH's Gaa, Gab, 
and Gac are listed both for the 1997 and 1999 data.
3.2 Pulse Shapes of  D-PRBH's of Gaa, Gab, and Gac 
   Pulse shapes of the decameter pulses from rotating black holes (D-PRBH's) of Gaa, 
Gab, and Gac are obtained applying the box car methods for the data observed in 1997, 
and 1999. Results are given in Figures 12(a), 12(b) and 12(c) where two cycles of the 
pulses are displayed to show the included error levels in term of deviations from the 
average values of two cycle records. In these pulse shapes there are apparent one 
common feature characterized by a remarkable dip. This one large dip has already 
stated in relation to the pulse shape of  Gav and model of D-PRBH in Sec. 2 where the 
single main dip has been discussed as strictly related to the eddy in the ergosphere of the 
Kerr black hole, starting from the static limit probably close to the equatorial region. 
The eddy is probably associated with intense helical magnetic fields which impede the 
smooth infall of the plasma into the black hole (see Figure 8). 
   In addition to the main dip, there are two  subdips  ; appearance of the feature of 
subdip shows variety in each black hole. Gaa and Gab have two shallow sub-dips while 
Gac has fairly deeper subdips compared with the other two.
3.3 Source Locations
3.3.1 Directions of D-PRBH's of Gaa, Gab and Gac 
   Directions of the sources of decameter PRBH of Gaa, Gab and Gac, have been 
measured by the SBLIS and LBLIS interferometer systems. In Figure 13 from panels a 
to c, results of LBLIS for three decameter PRBH's Gaa, Gab and Gac are indicated for 
wider  area  ; the source positions of  these three D-PRBH's are further investigated with 
narrower angle with resolution of  ±  1" in Figure 25(a), later. The detected differential 
levels of the D-PRBH is expressed in the unit of  6 for the spectra of fundamental pulse 
period by applying MEFAM analyses. By  these results, we can conclude that Gaa, Gab 
and Gac are all located at the center part of Sgr A West with resolution of  +1 arc 
second, i.e.,  +0.04 pc for an assumed distance of 8.5 kpc.
3.3.2 Dispersion Measure 
   Pulse shapesof PRBH, Gaa, Gab, and Gac are investigated with the frequency gap 
of 66 kHz, 80 kHz and 240 kHz around 21.860 MHz,  22.09944 MHz and 22.340 MHz, 
respectively. Examples of results have been given in Figure 14 and Table 3. The 
dispersion measures cover fairly wide variety of the values ranging from 169 pc/cc to 234 
pc/cc. Because the variety of the dispersion measure takes place even for the same D-
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Fig. 14. Two examples of the pulse forms for Gaa and Gad to show the  dispersion 
   between the observation frequency 23.17944 MHz and 23.09944 MHz. Observa-
   tions have been made from June 5 to 10, 1999.
Table 3. Dispersion Measure of Gaa, Gab, and Gac.
 D-PRBH
Gaa 
Gab 
Gac
Between 22.340 MHz 
 and 22.580 MHz
Time Difference 
    (sec)
Dispersion Measure 
    (pc/cc)
 39.0+ 1.6 
 34.0+1.6
218 
190
Between 21.860 MHz 
 and 21.926 MHz
Time Difference 
    (sec)
Dispersion Measure 
    (pc/cc)
 19.5+1.6 
 13.1+1.6 
 11.0  +0.3
371 
249 
209
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PRBH, due to the difference of the observing frequency, we have conclusion that a large 
portion of the dispersion measure is controlled by the dense plasma condition in the 
center part of the Galaxy. As has already been pointed out, relating to the case of  Gav, 
the dense plasma may affect on the propagation of the decameter waves in complicated 
situation. When the local plasma frequency exceeds the wave frequency f the propaga-
tion of the wave is possible only in the form of the whistler mode wave after being made 
the mode conversion also in these cases of the environment of super massive black  hole. 
The whistler mode waves takes opposite dispersion effects (lower frequency part propa-
gates faster than higher frequency part) between the case of  f  <  fc/2 and f  >fd2 for the 
observation frequency f and the local electron cyclotron frequency  fc. Even though the 
waves propagate into the region of plasma disc where observation frequency exceeds the 
local plasma frequency fp, the dispersion measure is highly dependent on the observation 
frequency f because the propagation time difference  LiTp is expressed by 
                    LITp=-1(L2fi23(s)  dS1Jf . (41)                              _.11,1[1.2—_62,(S)PI2 
The possible dispersion measures NL are then in the range 
 NL=  260(  ±  y)pc/cc, (42) 
for a possible range y of about 100 pc/cc, depending on the plasma situation surrounding 
PRBH's. That is, we can conclude that the obtained dispersion measures are not in 
contradiction with the location of the sources at the Galactic center which is in a distance 
range from 8 to 8.5 kpc. Simple calculation of  NL for  N=  0.03/cc with  L  —  8-8.5 kpc 
gives the value from 240-255 pc/cc. Thus finally we can conclude that the distance of 
sources of D-PRBH's Gaa, Gab and Gac are consistent with estimated galactic center in 
a range from 8 to 8.5 kpc.
Table 4. The Power of D-PRBH's.
Black Hole
Gaa 
Gab 
Gac
Observed Power (Jy)
6.0  x  103 
4.9  x  103 
9.7 x  103
Observed Source Power (erg)
 1.0  x  103' 
 8.2  x  10" 
 1.6  x 10"
Table 5. D-PRBH Periods, Mass, and Radius of Black Holes Gaa, Gab, and Gac.
Black Hole
Gaa 
Gab 
Gac
D-PRBH Period 
    (sec)
122.992 
104.550 
52.0005
Mass 
(Me)
 1.25(  +  0.03) x  10' 
 1.01(  ±  0.02) x 10€ 
 5.01(±0.1)x 10'
Radius 
(km)
 3.69(  +  0.07) x  10€ 
 2.97(  +  0.06) x 10€ 
 1.48(  +  0.03) x 10€
32 HIROSHI OYA AND MASAHIDE  IIZIMA
3.4 Existence of three Major Black Holes Gaa, Gab and Gac 
   Based on this estimated distance the power of D-PRBH's are calculated from 
observed  intensity  ; the results are given in Table 4. Considering the estimated radia-
tion power, our investigation process has arrived at the same point to conclude the black 
hole sources as with the case of D-PRBH,  Gay. That is, applying the same criteria that 
we have discussed in Sec. 2 relating to  Gay, we inevitably conclude here that the sources 
of D-PRBH of Gaa, Gab and Gac are at rotating black holes. Then we call hereafter 
the objects that become origin of D-PRBH's Gaa Gab and Gac, specifically, black holes 
Gaa, Gab and Gac, respectively. From the measured periods given in Table 5, the mass 
of the black holes Gaa, Gab, and Gac are calculated applying eq(40) based on the method 
described in Sec. 2. At the center part of the Galaxy, then, there are multiple black 
holes including Gaa, Gab and Gac whose masses are summed up to 2.76 x 106  M  e. 
Contrary to the long expected or inferred possibility of the existence of a single super 
massive black holes, a system of multiple super massive black holes thus have been 
discovered. At this point we have to emphasize that the decameter pulses generated by 
rotating black holes are almost giving the direct image of the rotating black  holes  ; the 
sources to be formation mechanism of pulses are located at the static limit mostly in the 
equator region of the Kerr black holes, as has already been discussed in Sec. 2 relating 
the model of the origin of  D-PRBH.
4. Locations and Motions of Major Black Holes 
4.1 Relative Position of Gaa, Gab and Gac 
4.1.1 A pair black hole Gaa and Gab 
   When analyses of periods of D-PRBH from Gaa and Gab, by compensating the 
Doppler shift due to the earth's orbital motion, they show steadily the pulse periods of 
129.995 sec and 104.600 sec respectively for Gaa and Gab, during three years from 
September 1996 to March 1999 (see Table 5). We can then assume that these two major 
black holes are located at the very center of the orbital motions of super massive black 
hole system.
4.1.2 Relative Motion of Gaa and Gab 
   In Figures 15 and 16, analyzed spectra of D-PRBH's mainly for Gaa, Gab and Gac, 
are indicated by expanding the frequency resolution of the analyses to 1.22  x  10-41-1z, 
twice as much as the resolution of the cases given in Figures  I0(a) and  I0(b). By 
investigating this result it is clarified that D-PRBH from Gaa and Gab are associated 
with sequence of subsidiary spectra with equal frequency gaps. The  cause of this 
subsidiary series of peaks in the frequency spectra can be attributed to the modulation 
effect on the principal pulse periods due to orbital motions of closely located two black 
holes or we may call black hole binary (BHB). When we describe the angular frequency 
of the n-th harmonics  mop of decameter pulses of the black hole origin (i.e. D-PRBH),
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Fig. 15. Spectra of the pulse frequencies obtained by MEFAM in the pulse frequency range lower than 
   0.0244 Hz with resolution of 1.22 x  10-4 Hz for observation data from March 11 to March 17, 1999 
   observed at the decameter frequency of 25.0136 MHz. The average spectrum for whole period from 
   March 11 to 17 is indicated in the bottom panel. The harmonic relationships for Gaa, Gab and Gac 
   are indicated with connecting bars. Fork shapes show the side bands caused by the frequency 
   modulation around the main spectra due to the orbital motions of the black  holes. Two different 
   frequency modulation due to the two coupling systems are indicated being separated with green 
   fork shapes and red fork shapes.
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            1/1,,,•' 
Fig. 17. Circular orbit of a black hole moving with velocity  v in x-y plane described 
   in Cartesian coordinate system x, y, z. Vector k to describe the observation 
   direction of the black hole is parallel to the wave number vector radiated from 
   the black  hole  ; and takes angle 8 from the z axis.
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that is emitted from a moving source with velocity  v, the angular frequency  mop is 
shifted by the Doppler effect as 
 mop—n(1)1,0(1—k  •vIc), (43) 
where  wpo, k, v and c are original angular pulse frequency (corresponding to the 
fundamental period), unit vector of the wave number vector of D-PRBH, mutual velocity 
between observer and sources, and the light velocity, respectively. 
   For a Cartesian coordinate, given in Figure 17, where the k vector takes angle 8 
between the 2-axis, and the projected vector of k on x — y plane takes angle  0 between 
the x-axis, is expressed by 
 ti•v=—  vs  in  O.  s  in.Qt  •  cos  ¢o+  + vsin  O.  cosQt  •  s  in  95o, (44) 
where 0 is the angular velocity of the orbital motions of the black holes, and  00 is the 
phase corresponding to a position on the orbit at t  =0. Applying WKB approximation, 
then, the observed pulse  form p(t) can be expressed by 
 17(0 =  ao+  iv ansin(ftnwpdt +  co). (45) 
                    n=1to 
From equations (44) and (45), then, it follows that 
                     t 
                  cop         nait=nwpo(t— to)cA( nS2cop.).  sin  0•• cos(s2t —M. (46)  it: 
Equation (45) is therefore rewritten by 
            At) = ao +i  ansin[ncopo  t —  ancos(Dt —  00+ en], (47) 
 n=1 
where
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Fig. 18. Comparison of the observed spectra with simulated spectra for the frequency range from 0 to 
   0.0244 Hz (a), and for the frequency range from 0.0244 to 0.0488 Hz (b). Spectra for observed data 
   are obtained by MEFAM for the observations during March 11 to 17, 1999 at the frequency 25.01360 
   MHz with average times of 9.45 x  10'. The ordinate is given by arbitrary unit that is thesame 
   with unit to express the back ground level which corresponds to  2.77  x  102,i4, for the frequency 
   resolution  if. 0.05 level has therefore significance of  11.20-. The indicators with arrows in the 
   diagram are same with the case of bottom panel of Fig. 16(a) and  16(b). Simulation resultsare 
   obtained by applying the same Fourier analyses method, as in MEFAM, to the function given in 
   main text by eq(54). A group of spectra, in the panel (a), in a low frequency range less than 3.66 x 
 10-3 Hz are resulted from the periods of the orbital motions of close binaries of the black holes 
 (BHB)  ; d-f, a-b, and g-h correspond to Gad-Gaf BHB, Gaa-Gab BHB and Gag-GahBHB, 
   respectively. The spectrum peaks of  c/n-o, a-b/j-k, d-f/g-h correspond to the doubleclose 
   binary systems, respectively, for Gac with Gan-Gao BHB, Gaa-Gab  BHB with Gaj-Gak BHB and 
  Gad-Gaf BHB with Gag-Gah BHB. Though the levels are lower than the case of the observa-
   tions, we can recongnize several identities between the observation and simulation results of 
   spectra relating to BHB's and BHB systems too.
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                            nodpo (v. 
 a5=                             c)smO,
and 
                        On  =  ancos(Dto—  00)—  nwpoto+ 
After a mathematical manipulation, equation (47) is further rewritten by 
 P(t)=ao+  an{To(an)sin(nwpot  +  On) 
 n=1 
 Man){sininco  po+  S2)  t On]  +sini(nwpo—D)t  +ed} 
 —  12(an){sint(nwpo+2S2t +  en]  +sin[(ncopo  —2S2)t  On]} 
 —  j3(an)isin[(ncup0+3S2)t  +  n]+  sin[(nco  po  —3,Q)  t 0  nil 
 —  4(an){sin[nwpo+  4S2)t +  On]  +sint(ncopo-4S2)t+  On]} 
 +  ...I. (48) 
The spectra of the n-th harmonics of D-PRBH's are then associated with a wide variety 
of side bands with amplitudes of  an  J  i(an) at frequencies  nco  po±  1Q(Z  =1,  2,  3,  •••)- 
   In Figure 18, spectra of D-PRBH's is reproduced for the frequency ranges from 0 to 
0.0244 Hz (in panel a) and from 0.0244 Hz to 0.0488 Hz (in panel b) with the simulation 
result about which the discussion will be given in the last part of Section 5. The 
indicator with fork shapes with the red and green arrows around major peaks at  ncoo f
Gaa
Fig. 19. Close Binary of black holes, Gaa and Gab at the 
   Parameters are given in Table 6.
Gab
center of Sgr A West.
Table 6. Orbital Parameters of the BHB System of Gaa and Gab.
Black Hole
Gaa
Gab
Mass 
 (Mn)
1.25 x  10'
 1.01x10'
Velocity 
 (cm/sec)
5.58  x  109
 6.91  x  10'
Distance 
 (cm)
 1.92  x 1012
Period 
(sec)
964
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Table  7. Comparison of Frequency Modulation Indices.
 B
 10'
 20'
 30'
 .1.(an)1.10(ak)
 .1-,(ai)/  'Jai) 
 Pm)/Jo(a2) 
 J2(a2)/10(a2) 
 J3(a3)/  Jo(a2) 
 Pal)/Jo(a3) 
 J2(a2)/  Ida3)
 .11(ai)/  Idai) 
 Ti(ai)/  Jo(a2) 
 Tz(a2)/  To(a2) 
 I3(a3)/  Jo(a2) 
 Ti(ai)/  Jo(a3) 
 12(a2)1I0(a3)
 _Mai)/  Jo(al)  
.11(a1)/.10(a2) 
 J2(a2)/J1(a2) 
 Pas)/  jo(a2) 
 Ti(a1)/To(a3) 
 .12(a2)/  To(a3)
Calculated Results
0.1206 
 0.1261 
0.0298 
0.0079 
0.1359 
0.0322
0.2427 
0.2907 
0.1309 
0.0658 
 0.4110 
0.1850
0.3672 
0.5622 
 0.3503 
0.2427 
 1.7671 
 1.1011
Observed Results
0.2446 
0.5088 
0.4386 
0.6667 
 0.5434 
0.2283
0.2446 
0.5088 
0.4386 
0.6667 
0.5434 
0.2283
0.2446 
0.5088 
0.4386 
0.6667 
0.5434 
0.2283
the spectra show the side bands at  nwpo+  1D due to the frequency modulation by  12/27r 
to the major pulse frequencies. For the cases of Gaa and Gab, there are two series of 
side bands due to frequency modulations, the first case is with the frequency gap of 1. 
037 x  10- Hz given by green fork shapes and the second case is with the frequency gap 
of 6.75 x  10-a Hz given by red fork shapes. This indicates that there are at least two 
coupling system around Gaa and Gab. One coupling is the orbital motions between Gaa 
and Gab themselves where two black holes are orbiting forming BHB with frequency of 
1.037 x  10-s Hz. 
   There are other coupling of the black holes orbiting around the BHB, Gaa and Gab 
with period of 1,481 sec (6.75  x 10-4 Hz). Assuming the independent dynamics between 
these two coupling systems with orbiting periods of 964 sec and 1,481 sec, we consider the 
BHB system of Gaa and Gab applying dynamics for the Keplerian orbit  here  ; obtained 
orbital parameters are given in Figure 19 and Table 6. From the results of the orbital 
parameters, the argument  an given in eq(48) and the relative amplitudes of the side band, 
 Jk(am) have been  calculated  ; the results are compared with the observation results as 
has been indicated in Table 7. From this comparison of the results, it is concluded that 
possible angle  0 is around  30°. When we consider the orbital plane with inclination of 
 30° from galactic plane of the inflowing gas (Serabyn and Lacy 1985), a plausible  0 angle 
could be around  60°, in so far as we assume coincidence of the orbits of the black holes 
with this gas flowing plane. The present result of small 0 angle around  30° shows, 
however, that the orbital planes of the black hole system for Gaa and Gab is shifted by
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Fig. 20. Variation of the pulse period of Gac during 8.5 years from June 1990 to 
   March 1999. The result shows that maximum change rate of the period is 
 +2,40  x10-3, this value is 24 times larger than the Doppler effects of the Earth's 
   orbital motion.
Table 8. Orbital Parameter of Gac Around the Center
BH and BH system
Gaa and Gab
Gac
Mass 
 (Mn)
 2.26  x 106
 5.01  x 106
Velocity 
(km/sec)
406
1,833
Distance 
 (cm)
7.31 x  l015
Period 
(years)
6.5
 30° towards a vertical direction compared with the general galactic plane.
4.1.3 Orbit of black hole Gac 
   The decameter PRBH from Gac shows period variation which largely exceeds the 
period change caused by the Doppler effects of the orbital motion of the Earth around the 
sun. In Figure 20, time dependent variation of the period of  D-PRBH from Gac is 
 given  ; here we can neglect the Doppler effect of the earth's orbital motion that is the 
main factor of the change of the period of D-PRBH from the black hole  Gay. The 
sinusoidal characteristics of the period variation of Gac versus time shows that Gac is 
taking a circular orbit with respect to the center of the dynamic system. Applying the 
dynamics of the Keplerian orbit of Gac around the BHB system Gaa and Gab, then, we 
can obtain the orbital parameter of Gaa, Gab and Gac system as has been given in Table 
8. As it is confirmed in Sec 5., there are a few other black holes associated with this 
major black holes. The additional mass is however only a few percent. The correction 
to the parameter given in Table 8 is, therefore, minor (see Sec, 5). From equations (43) 
and (44), we can  obtain the Doppler shift value  Jo) in an orbit as
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1 Zol=nwpo(—cv)sin0.sin(Dt —co). (49) 
For the case of Gac we have made observation for 8.5 years from June 1990 to April, 
 1999  ; then from the amplitude of frequency variation in eq(49), (v/c) sin  8 value is found 
using the result given in Figure 20, as  
(  v/c)sin  0  =2.51 x  10' (50) 
From eq(50), then 0 is obtained to be 24.T. Again we see that the orbital plane of black 
hole Gac is inclined about  36° from the plane of the inflow of the gas toward vertical 
direction.
4.1.4 Confirmation of the Black Hole 
   The observation of the time dependent variation of the pulse period of Gac give us 
extremely significant clue to verify that the observed D-PRBH is strictly related to the 
rotating black hole. We repeat here the clue data concerning  Gac  ; that is a lower limit 
of orbital velocity deduced from the sinusoidal variation of the pulse period with 
maximum rate of  2.51+10-3 (see eq(50)) with the period of 6.5 years. By taking  0-90° 
in eq(50), then, the lowest velocity of  v  =  7.53 x  10' cm/sec is obtained. From the 
Kepler's third law the possible mass for this extremely conservative, i.e. lowest limit of 
mass is given by 
                       / 'W                 V3'A1 +Mi)2                      M2=          G2 7rM2(51) 
where T is the period of Kepler  motion  ; and M1 and M2 are the masses of celestial 
bodies interacting with the gravity field. Again we have a extreme conservative case 
where we find the lowest limit mass, i.e.  M1--0. The result show that 
 M2  =  1.  05  x  105/1/0 (52) 
That is, without adopting any special assumption, we have arrived at a conclusion that 
the dynamic system which we are concerned by D-PRBH is inevitably super massive 
black holes. Evidently, we do not use the value expressed by eq(52) because this is only 
a mathematical minimum with two extremely conservative assumptions for 0 and M1 to 
find absolutely minimum case. As has already been described, the actual solution shows 
27 times larger than this minimum estimation. But significance of this discussion is in 
that we are definitely observing black holes by the decameter PRBH  phenomena  ; and 
the arguments made in Sec. 2 are all acceptable.
Fig. 21. Spectra of the pulse frequencies analyzed by MEFAM, with trial of  9.45  x  105 times, for 
   data from March 11 to March 17, 1999 observed at 25.01360 MHz by using SBLIS applying 
   type B operation. In panels from (a) to (h) simulation results are also given in the lower 
   part for  comparison  ; the generation of the simulation results has been described in 
   Subsection  5.4 in Sec. 5 of the main text. In the upper part of all panels the harmonic 
   relations of the D-PRBH's are given by connection  lines  ; and the side bands due to the 
   frequency modulation caused by orbital motion Doppler effects of black holes are indicated 
   with fork shapes. In the bottom of each panel corresponding parameters are  given  :
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(a) Upper limit of the analyzed frequency (ULAF) is 0.0488 Hz with frequency 
   resolution (FR) of 2.44 x  10' Hz. The ordinate of the diagram is indicated with 
   arbitrary unit both for the back ground Galactic emissions of white noise spectra 
   and pulse  spectra  ; the level for each bin (LB) is given by 3.40  x102,/FR  =5.31. 
   The 0.05 level of the ordinate has significance of  9.16. 
(b)  ULAF  : 0.0976 Hz,  FR  :  4.88  x10' Hz,  LB: 3.32 x  102,/FR  =7.34  ; 0.05 level has 
 6.626 significance.
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(c)  ULAF  : 0.1952 Hz,  FR  :  9.76  x 10' Hz,  LB: 3.32  x102,/FR  =10.2  ; 0.05 level has 
 4.76d significance. 
(d)  ULAF  : 0.3904 Hz,  FR  : 1.952 x  10-3 Hz,  LB  :  3.20 x  IC/FR  =14.2  ; 0.05 level has 
 3.420- significance.
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 ULAF  : 0.7808 Hz,  FR  :  3.904  x  10-3 Hz,  LB  : 3.18 x  102,/FR  =19.9  ; 0.05 level has 
 2.446 significance. 
 ULAF  : 1.5616 Hz,  FR  :  7.808  x 10-3 Hz,  LB  :  3.25  x 102  /FR  =28.7  ; 0.05 level has 
 1.706 significance.
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 1.5616  x 10-2 Hz,  LB  3.25  x 102,/FR  =40.6  ; 0.05 level has 
3.1232  x 10-2 Hz,  LB  : 3.24  x  102,/FR  =57.2  ; 0.1 level has
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Table 9. Rotation Period of D-PRBH's, and Mass and Radius of Source Black Hole.
Name
Gaa 
Gab 
Gac 
Gad 
Gae 
Gaf 
Gag 
Gah 
Gai 
 Gaj 
Gak 
Gal 
 Gam 
Gan 
Gao 
Gap 
Gaq 
Gar 
Gas 
Gat 
Gau 
 Gay 
Gaw 
Gax
Fourier 
Center F 
 (Hz)
7.692 x  10' 
9.560 x  10-3 
1.923 x  10-2 
 2.659  x 10' 
 3.123  x 10-2 
3.416 x  10-2 
4.099 x  10-2 
 4.489  x 10-2 
4.782  x  10-2 
1.590  x  10-1 
 1.639  x 10-1 
2.225 x  10-1 
 2.732  x 10-1 
3.279 x  10-' 
4.060 x  10-1 
 4.529  x 10-1 
 8.588  x 10-1 
 1.2493 
 1.343 
 2.093 
 2.171 
 2.374 
 2.998 
 3.076
Fourier Period 
   (sec)
 130+2 
 104  +1.5 
  52.0  ± 0.7 
 37.6+0.4 
  32.0  + 0.25 
 29.3  ± 0.8 
 24.4+0.6 
 22.3+0.5 
 20.9+0.5 
 6.28+ 0.15 
 6.09  +  0.15 
 4.49  +0.1 
 3.66+0.05 
 3.05  +  0.04 
 2.46  +0.04 
 2.21+0.04 
 1.164+0.02 
 0.800+0.02 
 0.745±0.01 
 0.4779  +  0.007 
 0.4606  +0.007 
 0.4213+0.006 
 0.3335  +  0.003 
 0.3251  +0.003
Box Car 
Period 
 (sec)
129.992 
104.550 
52.0005 
37.5762 
 31.9498 
29.5405 
24.2883 
22.3406 
20.8682 
 6.24197 
 6.06703 
 4.48202 
 3.65038 
 3.05354 
 2.46248 
 2,21002 
 1.16605 
 0.799011 
 0.748502 
 0.477711 
 0.461512 
 0.421565 
 0.335612 
 0.327214
Sum.
Mass 
 Mo
 1.25(  +  0.03)  x 106 
 1.01(  +  0.02) x 106 
 5.01(±0.1) x 105 
 3.62(  +  0.07) x 105 
 3.08(  +  0.06) x 105 
 2.85(+0.06)  x 105 
 2.34(+  0.05)x  105 
 2.15(  +  0.04) x  105 
 2.01(±0.04)x  105 
 6.02(  +  0.12) x 104 
 5.85(  +  0.12) x 104 
 4.32(+0.09)  x 104 
 3.52(  +  0.07) x 104 
 2.94(  +  0.06) x 104 
 2.37(±  0.05) x 104 
 2.13(  +  0.04) x 104 
 1.12(  +0.02) x 104 
 7.70(+0.15)  x 103 
 7.21( + 0.01) x 103 
 4.61(  +  0.09) x  103 
 4.45(+0.09)  x 103 
 4.06(  +  0.08) x  103 
 3.24(  +  0.06) x  103 
 3.15(±0.06)x  103
 4.683(±0.094) x 106
2GM/c2 
 (cm)
 3.69(  +  0.07)  x  1011 
 2.97(+0.06)x 10'1 
 1.48(+  0.03)  x1011 
 1.06(  +  0.02)x  10" 
 9.09(  +  0.2)  x 10" 
 8.39(+0.16)x 10" 
 6.90(±0.14)  x 1010 
 6.34(+0.13)x1010 
 5.93(+0.12) x  1010 
 1.77(±0.04)  x 10" 
 1.72(  +  0.03) x 1010 
 1.27(+0.03)x 101° 
 1.04(+  0.02) x 10" 
 8.68(  +  0.17)  x 109 
 7.00(  +  0.14) x 109 
 6.28(±0.13)x 109 
 3.31(  +0.07) x 109 
 2.27(±0.05)  x 109 
 2.13(±  0.04) x 109 
 1.36(  +  0.03) x 109 
 1.31(±0.03)x 109 
 1.20(±0.03)  x 109 
 9.54(  +  0.19) x 108 
 9.30(+0.19)x 108
5. Clusters of Super Massive Black Holes Within 0.2  pc of the Galactic Center 
5.1 MEFAM Results from 1.22  x10-4 Hz to 12.4928 Hz 
   In Figures  21(a)-21(h), spectra of D-PRBH's are indicated by stepping up the upper 
limit of analyzing frequency by twice, between neighboring diagram. In all of these 
figures, the observation results are given in the top panel while the results of the 
simulation are given in the bottom  panel  ; about the simulation the detailed descriptions 
are given in the last part of this Sec. 5. The Method of Extended Fourier Analyses 
Applying Mega-Trials (abbreviated MEFAM) is the same as has been described in Secs. 
2 and  3  ; we will not repeat the interpretation here. The levels given in results of 
MEFAM in Figures  21(a)-21(h) are indicated taking the arbitrary unit, that is commonly 
applied to describe the back ground level of Galactic white noise. In all of the cases of 
the results of MEFAM for the present observations made from March 11, to March 17, 
1999, the trail times of Fourier analyses is  9.5  x  105 times. The dispersion  6 is then given
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by  a  =0.34,/Zif for the resolution  Zit  ; one tip mark of 0.05 in the ordinate of the diagram 
in Figure 21(a) top panel for an example corresponds, therefore, to  9.16. This means 
that  almost, all of the minor peaks given in these diagram of MEFAM results have 
significance larger than  56  ; and we can not neglect these minor peaks considering as if 
noise levels even though they look like tiny peaks. 
   Applying the principle to find sets consisting of three peaks that hold harmonic 
relationship each other, i.e. testing the existence of two succeeding higher harmonics in
 
(  a  )
 < 
U.1  Cr
0.4 
0.2 
 0 
0.4 
0.2 
 0 
0.1 
 0 
-0.1
Gad
'99  3/11-14 , 02:00-08:00 
 25.01360MHz
 h
..4  \,.11\
Average 
  \,)
          
. A 
I 
0 37.5762 75.1524 
         PERIOD (  sec  )
(  b  )
 Lu  0 
< 
 cc
Gal
'99  3/11 -14, 02:00-08:00 
 25.01360MHz
0.4 
0.2 
 0 
0.4 
0.2 
 0 
0.1 
 0 
-0 .1
 0  4.48202 
        PERIOD ( sec  )
8.96404
(  c  ) Gas
'99 3/11-14, 02:00-08:00 
 25.01360MHz
Real Wave Form
(  d  )
 0 
 7.1 
LiJ 
-1 
 U-1 
 cc
0.4 
0.2 
 0 
0.4 
0.2 
 0 
0.1 
 0 
-0 .1
I\ is\    I „.
A,  r'''-A-,7"
Average
 :\)  f\p/
Deviation
 L1.1 
0 
 LIJ 
cc
Gau '99 3/11-14 , 02:00-08:00 
 25.01360MHz
0.4 
0.2 
 0 
0.4 
0.2 
 0 
0.1 
 0 
-0.1
',
41%^i\t'AA,
         Real Wave Form 
1..„\v/v\
\ \./
 Average 
`Vi\VIC.r\  ,\) (
Deviation
 0 0.748502 1.497004 0 0.461512 0.923024 
      PERIOD ( sec ) PERIOD ( sec  )
Fig. 22. Four example records of wave forms of D-PRBH's Gad, Gal, representing 
   from East CBH, and West CBH,  respectively  ; and two isolated black holes Gas 
   and Gau. Two cycles of the pulses are obtained by applying box-car method with 
   stacking of  1.377  x 106 times for the data observed in March 11 to 17 at frequency 
   25.01360 MHz. The ordinate is expressed by percentage with respect to the back 
   ground Galactic  radiations  ; 0.1 percent level of the ordinate is estimated to have 
   significance of  2.7a considering the stacking times and bunching of interferometer 
   signals. The deviations of the wave form of each two cycle from the average 
   values of the two cycle data are within  ±0.05%.
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addition to the fundamental frequency (period), we have made primary decision of the 
possible D-PRBH's. The procedures to identify the D-PRBH's phenomena are pointed 
with connecting indicators in each corresponding diagram. Especially, the tips of the 
fork shape indicators are pointing the possible series of side bands around the harmonics 
of the pulse frequency (period, inversely). The origin of the occurrence of the side bands 
has already been discussed in Sec.  3  ; that is, the series of side bands are caused by 
frequency modulation on pulse period as results of Doppler effect due to fast orbital 
motions of the rotating black holes. Details are discussed in Subsection 5.5. Being 
based on these MEFAM results, all of the identified D-PRBH's are listed in Table 9 
where possible black holes named from Gad to Gax are  listed  ; in addition to these 
discovered black  holes, the already confirmed black holes Gaa, Gab, Gac and  Gav are 
also  listed in this table. For estimation of the black hole mass, the relation given in 
Subsection 2.4 of Sec.  2  ; i,e. 
 M/Mcp=  0.964 x  104 T
is adopted with allowance of ambiguity of  +0.02%.
5.2 Confirmation of  D  -PRBH's by Applying Box-Car Method 
   For the primary decision data of D-PRBH's detected by MEFAM (see subsection 
2.2), confirmation of the existence of D-PRBH's has been made together with a purpose 
of the accurate determination of periods of D-PRBH's by applying the box-car method. 
The box-car methods have been applied by sweeping the fundamental pulse period 
gradually centered around the approximately obtained period as results of MEFAM. In 
the present box-car analyses, data sampled at a given period are stacked by  1.37  x 106 
times for the observation from March 11 to 14, with type B operation (see Sec. 2) of the 
SBLIS observations. 
   In Figure 22, four example records of the results of the box-car analyses for Gad, 
Gal, Gas and Gau are  indicated  ; as has been described in the subsection 5.3, these are 
selected as representing two clusters of black holes and selected as two isolated black 
 holes  ; because Gaa and  Gav have already been described, the black holes from the 
Central and South cluster of black holes (see also Subsection 5.3) are not selected here. 
In all of the panels two cycles of wave forms of D-PRBH's are indicated in the top part 
and average values of these two cycle wave forms are given in the middle  part  ; the 
deviation of the raw two cycle data from the average values is indicated in the bottom 
part. The ordinate of each panel is indicated with the unit of the percent relative to the 
back ground level of the Galactic decameter waves. The standard deviation of these 
analyzed data is estimated to be 
 6=(100/A/1.377  x  106x  N) %, (53) 
where N is number of the bunched channels at the analog stage of the receiving system 
under the condition of type B operation. Because ach channel contains coherent pulse 
signals together with independent random Galactic noise, we include bunching effects as
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 Fig.  23(a). Confirmation of the existence of pulses from D-PRBH's Gaa to Gal 
   obtained by the box-car method. Only the average values of the pulse form have 
   been selected from the same display with format of Fig. 22, for the data observed 
   in March 11 to 17, 1999 at 25.01360 Hz. The results have been obtained with 
   stacking of 1.377  x106 times for SBLIS observations data where 5 signals from 5 
   set of baselines are bunched. The ordinate given by unit of percentage with
   respect to the back ground Galactic noise has significance of  2.7o- corresponding 
   to  0.1% level.
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N as given in equation (53). In this case, N is set to be 5, and finally the standard 
deviation is given by 0.038%. We can confirm that the deviation given in the bottom part 
of each panel is consistent with this estimation of the standard deviation. 
   For all 24 D-PRBH's from Gaa to Gax the wave forms havebeen analyzed applying 
the same box-car methods and data handling procedures. In Figures 23(a) and 23(b) the 
results of the wave forms are indicated from Gaa to Gax with the average wave forms 
and the deviation with percentage as defined as relative value to the Galactic background
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 Fig.  24(a). Pulse heights as function of the pulse periods applied for the box-car 
   method for D-PRDH's from black holes Gaa to Gah using the same datagiven in 
   Fig. 23(a) and 23(b). By sweeping the period in every trial of the stacking of the 
   box-car method,we can search for the actual pulse period to show the peak values 
   that changed following the relation given by eq(18) in the main text. The 
   ordinate of each panel is given as average values of the pulse height with unit of 
   percent with respect to the back ground  Galactic  radiation  ; 0.01 level of the 
   ordinate has significance of  2u.
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within a range of 0.038% for the same ordinates given in Figure  22 though the wave 
forms of Gaa, Gab, Gac and  Gav have already been described, these are repeated here for 
comparison with the other cases of 19 black holes. The accurate pulse periods have 
been found by sweeping the period around the approximated period values decided by the 
MEFAM analyses. These procedures are given in Figures 24(a) to 24(c)where the 
variations of the average pulse heights are plotted versus the swept periods in the box-
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    Fig. 24(c). Same with Fig. 24(a) for black holes Gaq to Gax.
car method. The pulse forms resulted from the application of box-car method given in 
Figures 23(a) and 23(b) are, therefore, selected for the pulse periods which show maxi-
mum values of the pulse height, which are caused by the principle of the box-car method 
given as the filtering effects expressed by equation (18). The decided periods are given 
also in Table 9. As it has already been stated, the wave forms of all of D-PRBH's have 
the common point that is characterized by single major dip. When we see the detail of
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Table 10. Classification of D-PRBH's.
Sub-dip Number
Sub-dip Depth
Type
D-PRBH's
2
Deep
 I
Gaj 
Gao 
Gap 
Gaq
Medium
 II
Gab 
Gac 
Gae 
Gaf 
Gag 
 Gah 
Gak 
Gar 
Gas 
 Gay
Shallo
 III
Gaa 
Gat 
Gau 
Gaw 
 Gax
 1
Deep
IV
Gad
Medium
V
Gai 
 GaI
Shallow
VI
Gam 
Gan
the wave forms, the shapes are divided into two types, the first is the type with two  sub-
dips and the second is with the single sub-dip. All of these  sub-dips are further classified 
into deep, medium and shallow cases. Then we have classified all D-PRBH's into 6 
types as given in Table 10. 
   One of surprising evidence that we have met here is the level of the emission given 
by all records of  D-PRBH's  ; i.e. the ratio between the maximum case of the emission 
for Gac and the minimum case of the emission of Gaq is only 4 in electric field intensity, 
i.e. only ratio of 16 in terms of power, even though the masses of the source black holes 
differ almost three order of the magnitude. As it is  discussed in Sec. 6, this is thought 
to be caused by the highly beamed nature of the emitted radio waves at the sources due 
to the relativistic rotation effects near the static limit in the Kerr black holes.
5.3 Direction of Sources of  D  -PRBH's 
   By applying the analyses for the data of LBLIS, (see Secs. 2 and 3), the directions of 
sources of D-PRBH's are  identified  ; as has already been described in detail, distur-
bances from the ionosphere effects that are thought to be significant for the case of 
regular interferometer observations are eliminated by accumulating the data for long 
observation times. We here apply the same condition for the direction  finding  ; i.e. the 
beam of the interferometer has been swept being offset from the points of the center of 
Sgr A West at R.A. of 17h42m29.335s, Dec.  of  —28°59'18.6". The beam of array has been 
swept towards eight or twelve directions considering the minimum possible angular 
resolution of  1" for LBLIS observations. In Figures 25(a) to 25(e), results of analyzed 
direction of all of the detected black holes are indicated. By this data analyses it has 
been disclosed that the detected black holes are making four clusters of black  holes  ; 
only two black holes are isolated from theses clusters of black holes. We named four 
clusters of black holes, as follows i) Central Cluster of Black Holes, ii) East Cluster of
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 -3 .00
Black  IIoles, iii) West Cluster of Black Holes and iv) South Cluster of Back Holes, 
located respectively at the center portion of Sgr A West, at the point being offset to the 
east from Sgr A West by  1(±0.5)", at the point being offset to the west from the center 
of Sgr A west by  4(±0.5)" and at the point being offset to south-west by 0.7(±0.2)" from 
the center of Sgr A West. Hereafter we abbreviate the cluster of black holes CBH. In 
the central  CBH, eight super massive black holes are included, these are Gaa, Gab, Gac, 
Gai, Gaj, Gak, Gan and Gao (see Figures 25(a) and 25(b) where the intensity map of radio 
wave emissions at 6 cm wavelength detected by Lo and Clausen (1983) are attached in the 
corner of diagram for a reference). The total mass of the black holes belonging to 
Central CBH is  3.13(±0.06)  x 106  Mo. In East CBH, there are five super massive black 
 holes  ; i.e. Gad, Gae, Gaf, Gag, and  Gah (see Figure 25(c)). The total mass of black holes 
in the East CBH is  1.4(±0.03)  x 106  Mo. In West  CBII, there are six massive black 
holes, Gal, Gam, Gap,  Gag, Gar and  Gat  ; total mass of this cluster is  1.23(±0.03)  x  105 
 Mc) (see Figure 25(d)). The South CBH consists of  Gav, Gaw and Gax. Considering 
the offset of  0.7(±0.5)" from the center, the distance of the South CBH is about 0.03 
 (±0.02) pc. During fifteen years history of the observation in our study,  Gav has shown
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 Close Coupling System of  Super Massive  Black Holes 
 Close Binary of Black Holes 
Adopting the same method to find the orbital motion of the mutually coupling black
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Table 11. Close Coupling Systems in Four CBII's.
Clu-
ster
 C
 E
 S
Coup-
ling
Gaa 
-Gab
Gaj 
-Gab
Gan 
 Gan
Gad 
 -Gaf
Gag 
-Gab
Gal 
Gam
Gaw 
-Gax
BH
 Gaa 
Gab
Gaj 
 Gak
Gan 
 Gao
Gad 
 Gaf
Gag 
Gab
Gal 
 Gam
Gaw 
 Gax
 Mass 
 (
L25  x  106 
1.01  x  106
 6.02  x  104 
 5.85  x  10'
 2.94  x  104 
 2.37  x  104
 3.62  x  105 
 2.85  x  101
 2.34  x  105 
 2.15  x  105
 4.32  x  104 
 3.52  x  101
 3.09  x  10' 
 3.02  x  10'
Radius 
 (cm)
 3.69  x  10" 
 2.97  x  10"
 1.77  /  10" 
 1.72  x  10"
 8.68  x  10' 
 7.00  109
 1.06  x  10" 
 8.39  x  10"
 6.90  x  1010 
 6.34  x  101°
 1.27  >:  1010 
 1.04  x  10"
 9.11  x  10' 
 8.90x108
Rotation 
 (Hz)
 1.037  x  10-1
 7.810  x 10-a
 2.342x10-2
 4.880  x  10-'
2.440  x 10
 1.757  x  10-2
 0.4997
Distance  
(  +10
 1.92  x 1012
 1.87  x  10''
6.88  x  10"
2.09  x  1012
6.33  x  1011
 9.49  /  10"
 4.35  /  101
 1,
 5.58  x  109 
6.91 x 10'
 4.52  /  10' 
4.65  x 100
 4.52  x  109 
 5.60x10`'
 2.82  x  109 
 3.58  x  109
 4.65  x  109 
5.05  x  109
 4.70  x  101 
 5.77  /  10'
 6.75  /  10" 
 6.90x1(0
8.57  x  10" 
 1.06  x  1012
 9.21  x  101" 
9.49  /  10"
 3.07  x 1012 
3.81  x  1010
9.21  X  10" 
 1.17x 1012
 3.03  x  10" 
 3.30  x 10"
4.26  x  1010 
 5.23  /10"
 2.15  x 10' 
 2.20  x  10'
holes from the sequence of the side bands as has been described in Sec. 4, the close 
coupling systems of the super massive black holes are further investigated for black 
holes in four CBH's. The results are listed in table 11, where all identified close coupling 
systems are listed including the already described Gaa and Gab black hole binary (BHB) 
system. We see extreme cases of dynamical systems here caused by interactions of 
super massive black holes with close distances. The case of shortest rotation period is 
in the Gaw-Gax black hole binary system, in the South CBH, where two black holes with 
 3.09  x  10'  Mo and  3.02  x  10'  Mo are rotating with period of only about 2 sec with dis-
tance of 43,500 km.
5.4.2 Double Coupling Systems 
   From detailed investigation of the series of the side bands for corresponding har-
monics of D-PRBH's, we further find double coupling systems of the rotating black holes. 
Although accurate motions of these double coupling black holes are only possible by 
solving N-body problems, we can describe approximated dynamics of coupling system 
from the observed side band spectra that represent the orbital periods of the rotating 
system, that is, we first consider two black holes binaries independently and then make 
coupling these two black holes binaries giving orbits to fit the observed two periods for 
orbital motions. In table 12, calculated results of the double coupling system of the 
rotating black holes binaries are indicated. In Figure 26, an example case of Gaa-Gab 
and  Gaj-Gak system is depicted where the Gaj-Gak system rotates with speed of 33% of 
the light velocity around Gaa-Gab system. In the Central CBH, there is another 
coupling system between Gac and Gan-Gao which rotate with period of 2049 sec (see
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1  012 cm 
 Fig.  26. Approximated orbits of binaries of black holes in the center part of the 
 Central CBII,  Small binary consists of Gak and Gaj is rotating around Gaa-Gab 
   system ; data are given in Table 12.
Table 12. Double Coupling System of the Rotating Black Holes Binaries.
 Clu-
ster
C
 F
 S
 Coup-
ling
 GaafGab 
 Gai-Gak
 Gac 
 Gan-Gan
 Gad-Gal 
 Gag-Gab
 Gaw Gax
 BH
Gaa-Gab 
 Gaj-Gak
  Gac 
 Gan-Gao
Gad-Gal 
 Gag-Gah
  Gay 
 Gaw Gax
Total  Mass 
 (Me)
2.26 x  10' 
 1.19x  105
5.01  x  105 
5.31 x  104
 6.47  x  109 
4.49 x 101
 4.06  x  103 
6.39 x 102
Rotation 
 (Hz)
 6.71  x
4.88 x  10-4
 1.70  x  10-I
 9.37  x  10-2
 Distance 
 ri  12)
2.61 x  1012
 4.28  x  10"
 1.08  x 1012
 1.59  x  10"
5.50  x  10' 
1.04 x  10''
 1.26  x  10' 
 1.18  x  10'
4.74  x  10" 
 6_84  x  10'
5.71  x  109 
 3.63  x  10"
 Ii
1.30 x  10" 
 2.48  x  101'
 4.10  x 1010 
3.87  x  1011
4.44  x  10" 
 6.36  x  10"
9.71  x 1(0 
 6.19  x
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Table 12). Coupling of two black holes binaries is also in the East  CBH  ; and in South 
CBH, there is another coupling system consisting of three black holes  Gav, Gaw and Gax, 
as also given in Table 12.
5.4.3 Simulation for Confirmation of Coupling Motions of Black Holes 
   For confirmation of the disclosed evidence of coupling systemsof the black holes, we 
made a model function to express all the basic harmonics and modulation sidebands for 
all 24 black holes as given by eq(54) with Table 13. That is, 
 24 { 4 
 S=  as,sin[27r•fot 
 e=1  77=1 
                          
• 
3 x 10 
                                of 
            
is 11.6
gVR                         10sinOeisin(2z• gst)  (54) 
m 
 + 2174                         1,443x1010sin0$2sin(2n- • hetn}.
In eq (54), symbols have following  significance  : 
 $  : Integer to identify the black holes from Gaa to Gax, respectively from  E=  1 
        to  $=24. 
 77 : Integer to express harmonics of each  D-PRBH  ;  7  =1,  2,  ...,  and 4 correspond, 
        respectively, to the 1st,  2nd,  ...,  and 4th harmonics. Usually we cannot see 4th 
       harmonics because of multipath effects that result the amplitude  G  OC  an/f/ 
        when we make Fourier analyses in applied MEFAM (see  Sec.  6), for real
        amplitude  a,. Only exceptional case is for the case of  Gav where we cansee 
        clear 4th harmonics. 
 ae,  : Amplitude of 77-th armonics of the D-PRBH of  E. The amplitude is given 
       by relative level using arbitrary unit to simulate the plots of the Fourier 
       analyses obtained by applying MEFAM. 
 f,  : Fundamental frequency of the D-PRBH from the black hole  E ;  1/f, gives 
        therefore pulse period. 
 g, : Frequency to modulate the original pulse frequency  f due to the orbital 
       motion of the black hole  E ;  1/g, indicates period of the orbital motionof the 
        close binary of black hole. 
 ve  : Absolute value of the speed of the orbital motion rotating with period  1/ge. 
 eel  : Angle between the normal direction of the orbital plane and the observing 
       direction for the orbital motion with the period of  1/  g, with absolute value  vs 
       of the orbital speed. 
 a,  : Index to select the existence of a close binary of black  hole  ;  8,  =  1 shows 
        existence and  a,=o shows the case of absence. 
 11, : Frequency of the second kind frequency modulation on the pulse period fe due 
        to the double coupling, i.e., coupling of two close binary systems. 
 u,  : Absolute value of the speed of orbital motion of the two centers of gravity of 
       close binary systems, where the black hole  $ belongs, which are making
       orbital motions with period of  1/k.
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Table 13-1.
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Selected Parameters for Simulation Function S to Express all of D-PRBH's.
 E
 1 
Gaa
2 
Gab
3 
Gac
4 
Gad
5 
Gae
6 
Gaf
7 
Gag
8 
Gah
9 
 Gai
10 
 Gaj
 7)
 1  
2  
3  
4 
1  
2  
3  
4 
1  
2  
3  
4 
 1  
2  
3  
4 
1  
2  
3  
4 
1  
2  
3  
4 
1  
2  
3  
4 
1  
2  
3  
4 
1  
2  
3  
4 
1  
2  
3  
4 
a  tn
2.45 
 2.00 
3.40 
0
2.20 
3.30 
4.00 
0
6.72 
6.40 
3.22 
0
1.10 
1.70 
1.50 
0
1.70 
1.60 
1.10 
 0
2.8 
 3.4 
2.6
2.0 
2.85 
0.5
2.0 
1.1 
0.5
1.2 
1.8 
0.7
2.0 
2.5 
1.2
 19,
 -=  15' 
 6172  = 30'
 19E1=15' 
 &2=  30'
 15'
 30'
 30'
 30'
 30'
 30'
 15°
 fe(Hz)
7.692 
 x  10-2
9.560 
x  10-2
1.923 
 x  10-2
2.659 
 x  10-2
3.123 
x 10-2
3.416 
 x  10-2
4.099 
 x  10-2
4.489 
 x  10-2
4.782 
 x10-2
1.590 
x 10-1
 ge (Hz)
1.037 
 x  10-3
1.037 
 x103
4.88 
 x104
4.88 
 x  10-4
2.44 
 x  10-3
2.44 
 x103
7.81 
 x103
 14 (Hz)
6.71 
 x  10-4
6.71 
 x  10-4
4.88 
 x10'
1.70 
 x  10-3
1.70 
 x  10-2
1.70 
 x  10-2
1.70 
 x  10-3
6.71 
 x104
 z)7 (cm/s)
5.58 
 x  10'
6.91 
 x  109
2.82 
 x10'
3.58 
 x  10'
4.65 
 x  10'
5.05 
 x  109
4.52 
 x  10'
 itt (cm/s)
5.50 
 x  10'
5.50 
 x108
1.26 
 x  109
4.74 
 x  10'
4.74 
 x  109
6.84 
 x  10'
6.84 
 x  10'
1.04 
 x  1017
1
 1
0
 1
 0
 1
 1
 1
0
1
 Sf
1
 1
 1
 1
0
 1
1
 1
0
1
Symbol  - is equivalent to 0
Table 13-2.
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 Selected Parameters for Simulation Function S to Express all of D-PRBH's
11 
Gak
12 
Gal
13 
 Gam
14 
Gan
15 
Gao
16 
Gap
17 
Gaq
18 
Gar
19 
Gas
20 
Gat
 27
1  
2  
3  
4 
 1  
2  
3  
4 
 
1  
2  
3  
4 
1  
2  
3  
4 
1  
2  
3  
4 
1  
2  
3  
4 
1  
2  
3  
4 
1  
2  
3  
4 
1  
2  
3  
4 
1  
2  
3  
4 
 aEr
2.7 
2.0 
2.0
2.5 
1.2 
0.8
1.4 
1.6 
0.9
0.8 
1.5 
1.25
1.5 
1.3 
0.8
1.6 
1.9 
0.7
1.4 
3.0 
2.5
1.4 
1.2 
0.5
1.3 
0.5 
0.8
1.7 
1.1 
1.2
 BE
 15'
 30'
 30'
 35'
35'
 30'
 30'
 fe(Hz)
1.639 
 x  10-1
2.225 
 x10-'
2.732 
 x  10-1
3.279 
 x  10-'
4.060 
 x  10-1
4.529 
 x  10-1
8.588 
 x  10-1
 1.249
1.343
2.093
 g, (Hz)
7.81 
x  10-2
1.757 
 x  10-2
1.757 
 x  10-2
2.342 
 x  10-2
2.342 
 x  10-2
3.12 
x  10-2
3.12 
 x  10-i
 lit (Hz)
6.71 
 x  10-4
4.88 
 x  10-4
4.88 
x  10-4
1), (cm/s)
4.65 
x  10'
4.70 
 x  109
5.77 
 x  102
4.52 
 x  10'
5.60 
x  10'
3.21 
 x  109
4.67 
 x  109
 u2 (cm/s)
1.04 
 x  10"
1.18 
 x10"
1.18 
 x 1012
 a,
 1
1
 1
 1
0
1
 1
0
0
SE
1
0
0
1
1
0
0
0
0
0
Symbol - is equivalent to  0
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Table 13-3. Selected Parameters for Simulation Function S to Express all of  D-PRBH's
21 
Gau
22 
 Gav
23 
Gaw
24 
Gax
1  
2  
3  
4 
1  
2  
3  
4 
1  
2  
3  
4 
1  
2  
3  
4 
 av;
1.8 
1.6 
0.8
7.0 
5.0 
5.0 
4.0
1.8 
2.0 
1.5
1.5 
2.0 
1.5
BF
 10'
10'
 10°
 ft(Hz)
2.171
2.374
2.998
3.076
 g (Hz)
0.4997
0.4997
 he (Hz)
9.37 
 x  10-2
9.37 
 x  10-2
9.37 
 x10-2
 1) (cm/s)
6.75 
x  109
6.90 
 x109
ue (cm/s)
5.71 
 x  109
3.63 
 x109
3.63 
 x  109
0
0
 1
 1
0
 1
1
1
Symbol — is equivalent to 0.
 Of  2 : Angle between the normal direction of the orbital plane of the double coupling 
        system and the observing direction. When there is no specificationthis  Oe2 
        value is set to be same with  1/  Bei.  
: Index to select the existence of double coupling system of the close binary 
        systems where two close binary are making close coupling each  other ; =1 
        shows the existence of the double coupling system  while  —0 shows absence
        of double coupling system. 
   In Table 13, the necessary parameters to construct the function S to simulate whole 
D-PRBH phenomena for the black hole system are given. The amplitude  a, 's and 
frequency are all decided from the observed results of MEFAM. From the observed 
 jc, we have analyzed masses of black hole  E then using observed  ge and obtained masses 
orbital motions  /4's have been obtained for each close binary system. Same procedures 
have been applied further to the cases of the double coupling system. For this obtained 
function S, we have applied the completely same algorism of Fourier analyses utilized 
in MEFAM which has been applied to the analyses of the observation data. In Figure 
21(a) to Figure 21(h), the results of the present simulation are given in the bottom panel 
of each figure. Coincidence of the simulation results with the diagrams of MEFAM 
results means the righteousness of our understanding of the black hole system for their 
masses, relative positions and motions. From the comparison of the simulation results 
with the observation results, we can point out following  evidences  : 
   1. Simulated major peaks of higher harmonics for all 24 D-PRBH , show good 
      coincidence with observation  results  ; and we can see consistency betweenthe
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Table 14. Dispersion Measure.
CBH
 C
 E
D-PRBH
Gaa 
Gab 
Gac 
Gai 
Gaj 
Gak
Gad 
Gae 
Gaf 
Gag 
Gah
Observed Dispersion Measure
22.340 MHz 
 (pc/cc)
188 
193 
178 
180 
182 
184
169 
169 
170 
179 
171
21.860 MHz 
 (pc/cc)
234 
187 
180 
185 
183 
218
185 
177 
187 
164 
179
Average 
(pc/cc)
211 
190 
179 
182 
183 
201
177 
173 
179 
172 
175
Estimated Dispersion Measure
Galactic 
(pc/cc)
240-255 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto
240-255 
Ditto 
Ditto 
Ditto 
Ditto
Source 
(pc/cc)
 —  70--  85 
 Ditto 
 Ditto 
 Ditto 
 Ditto 
 Ditto
 —70-  —85 
 Ditto 
 Ditto 
 Ditto 
 Ditto
Disk 
(pc/cc)
 30 
 10 
<1 
Ditto 
Ditto 
 >0
<1 
Ditto 
Ditto 
Ditto 
Ditto
   results confirmed by the box-car methods. 
2. Complicated nature characterized by series of side bands of the spectra is 
  resulted by the frequency modulation on the  D-PRBH's  ; we can conclude that 
  there are apparently close binary  systems  ; and super massive black holes are 
  orbiting each other with parameters disclosed by the present studies. 
3. There are components that cannot be explained by the model function of eq(54) 
  in the fine structures that make spectra wider around the principal peaks of the 
  harmonics of the pulse frequencies. These components show that there may be 
  variety of frequency modulations in long periods range with order of hour anda 
  few days. That may be caused by N-body interactions of black holes that 
  makes strong interactions because of extremely intense gravity fields around 
  groups of super massive black holes.
5.4.4 Negative Situation for Gravity Wave Emission 
   In the theory of weak gravity field, theemission rate  Be/at of the energy by the 
gravity wave has been estimated as 
                 de  _ 32G ( MiM2 24n6  (55) 
 at5c51111-hM2) ' 
where r and Q are the distance and the angular otation frequency for a system which 
consists of two celestial bodies with masses  M, and M2. When we use this expression, 
we meet, extreme discrepancy that the radiation energy  E in a period of sec is almost 
equivalent o the total kinetic energy of the orbiting black hole. Evidence of close 
coupling with given rotation frequency is however very  firm  ; we should, then, conclude 
that the gravity waves can not escape from the black hole even the waves are originated 
from the super massive black hole under the condition of extremely high speed rotation.
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5.5 Dispersion Measure of  D  -PRBH's 
   Using the data observed simultaneously, attwo pairs of frequencies 21.860 MHz and 
21.926 MHz, and 22.340 MHz and 22.580 MHz, frequency dispersions of the pulse propa-
gation have been measured. The results are given in Table 14. Majority of the disper-
sion measures are in a range around 180 except for a few cases of the black holes located 
at the center part of the cluster of the black hole. Compared with the expected 
dispersion measures of 240 to 255 for the D-PRBH's from the center of the galactic 
center corresponding tothe distance of 8 kpc to 8.5 kpc with the average lectron number 
density of 0.03 /cc, the observed ispersion measures how smaller values of dispersion 
measure by about 70 to 90. As has already been discussed relating to central major 
black holes Gaa, Gab and Gac and also  Gav in South CBH, this smallness of the 
dispersion measure does not mean that the distances of the sources are nearer than Sgr 
A West, but mainly due to the high plasma density at the center part of the plasma disk 
and also the plasma conditions surrounding the black holes. It has repeatedly been 
emphasized that only possible mechanism of the escape of the waves is in the whistler 
mode propagation along the existing magnetic fields when the local plasma frequency is 
larger than the propagating radio waves frequency. The energy of whistler mode waves 
is then converted to the escaping mode radio waves at the region where the frequency of 
D-PRBH coincides with the local plasma frequency. We then consider this portion of 
whistler mode propagation as source propagation processes and call source dispersion 
measure. It has already been well studied that whistler waves changes sign of the 
frequency dispersion between the propagation path of f <kand the path of f >1c2c-for                                       2 
the wave frequency f and the local electron cyclotron frequency  fc. For example, in the 
case of  f  =21.860 MHz, the sign of the frequency dispersion changes at the point where 
the waves pass through the region of the magnetic field intensity of 15.6 gauss with the 
plasma density higher than 5.90 x  106/cc when the waves arrive at the point of the 
plasma density of  5.90  x 106/cc then the frequency dispersion starts to follow the disper-
sion relation in the plasma disk surrounding black holes. The source processes then 
have possibility to result the negative dispersion measure compared with the dispersion 
measure in the general galactic space. There are also significant frequency dispersion 
effects for the propagation through the dense plasma where the refractive index of the 
propagating waves is not approximated by the expression for the propagation through 
the galactic space. 
   In the plasma disc in CBH's surrounding the black holes, the dispersion measure can 
be expressed by (see Appendix 2) 
           D_ —83N2 r2  (56) 
                          cf3( n2  nu 
for the case of plasma distribution
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                 N,=(N2         o, (57) 
where  Ni(i=1, 2) are the number density of plasma at the distance  r,  (i  =1, 2) and  ni is 
the refractive index of the propagating radio waves at the distance  ri. 
   In Table 14, the estimation of the dispersion measure for i) the Galactic space with 
number density N  =0.03/cc and distance from 8 kpc to 8.5 kpc, ii) the source dispersion 
measure and iii) the disk dispersion measure are also indicated. Disk dispersions are 
recognized only in Central CBH for Gaa, Gab, and Gak. We may estimate that the 
average number density of plasma in the region of the Central CBH is 106/cc within the 
distance range 3 x  1013-10" cm from the very center of the Sgr A West where Gaa and 
Gab are rotating. If we assume the increase of the plasma density with  1/7.-3 relationship 
inside region or rate of ionization of 1% with  1/r2 relationship inside region the infall 
rate of the gas to supply for the formation of the black hole within  1010 years can be 
explained. 
   Considering all of these possibilities we can conclude that all of 24 black holes are 
in Sgr A West forming the four clusters of the black holes with two isolated black holes.
6. Discussions 
 6.1 Investigation of Critical Points of the Studies 
6.1.1 MEFAM 
   In the present study the effect of MEFAM is extremely important o find D-PRBH's. 
Here we have to investigate why the Fourier spectra can be obtained under the sever 
multi path effects on the long distance propagation of the radiation through the Galactic 
space. After the detection of signals, g(t) can be expressed by 
 g(t)=  e-77-=41,cos[mp(t— TO+  com]dTs, (58) 
                                m---00.10 
where am,  nip and  CO  7,are same with quantities given in eq(9), for parameters of the 
transmitted  pulses  ; Ts is the delay time due to the multipath effects given in eq(11). 
After taking procedure given in Appendix 3, g(t) is expressed by 
 N 
       g(t)=E am                             cos[mpt+ +tan-1mp To]. (59)  m=0  (rnp  To2r, 
When we find the Fourier transformation G(w), it follows that 
 N sin[x(w—mp)]  
    •  
   G(a))=E (60)                      m=0 IC-•coMP) fi(mpT0)211/4 
This result shows that observations are inevitably subjected to the multipath  effect  ; but 
the effect is reduced in observed Fourier amplitude Gm at  co=mp, as it is given by 
       Gm=am  (61) 
for the condition
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 pmTo>  >1. (62) 
The diagram of MEFAM is given with arbitrary unit by which the back ground Galactic 
noise levels are also given with the band width  Llf for the spectral density  N(f). As 
results of the utilizing algorism, the spectra peaks  S,, of the pulses for the m-th 
harmonics is given by 
                          am             S.= • ,1,11(0. (63)  mpTo 
In the diagrams of MEFAM, spectra are given with frequency coordinate which has 
frequency resolution to be suitable to identify the harmonic  relations  ; that is, frequency 
resolution is approximately proportional to the fundamental frequency p of the pulse 
repetition. The  Sn, value is, then, expressed by 
 S.=  a.R1  mT07• (64) 
where  7 is introduced to be a coefficient as  p=  rZ10. Thus we can understand that the 
results can be obtained under the influence of the multi path effect in MEFAM  analyses  ; 
the displayed peak values are reduced by a factor of  yrnTo• That is, we can display the 
results without dependence on the analyzed frequency ranges but level of the  rn-th 
harmonics hould be multiplied by  i/Trn to recover the original value from the observed 
results. Thus we can find the value, the amplitude of the pulse component at the 
frequency, compensating the multi path effects.
6.1.2 Direction Finding 
   One of the most significant question that may be raised in the field of the interfer-
ometer studies for the determination of the direction of the D-PRBH source is the 
ionosphere ffects on the decameter wave propagation, especially for the determination 
with resolution of arc second. The long time integration of the interferometer observa-
tion data with the correlation filtering function is a clue for solving this difficulty. We 
here generalize the interpretation to find the solution. Radio waves from a source with 
a propagation vector  ks(t) give an output  S(t) relating to a set of the interferometer 
base line which is given by a vector  r1, as 
 S(t)-=  a(t)•  cos[ks(t)  •  rd. (65) 
where  a(t) is amplitude. Because of plasma effects through the ionosphere, the propaga-
tion path is deviated from  ks(t)  by  hD(t), the output of observed signal SD(t), therefore, 
deviate from S(t), as 
 SD(t)=  a(t)cos{(kD(t)+  ks(t))- (66) 
When we aim at a direction given by a vector  k(t), then, we can generate the correlation 
filtering function c(t), as 
 c(t)=cos[k(t)-  ri,] (67) 
Then the result R(t) is obtained as
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                           1  fT+trp R(t)— TJ,Ja(t)• 13e-*2                              0.1002(R-)Yko 
                 x {cos[(k(t)—ks(t))•rdcos[kD(t)- 
 +cos[(k(t)+  ks(t))-  rijcos[12D(t)  • ru]  (68) 
 —sin[(k(t)+  ks(t))  •  rifisin[12D(t)•  rzli] 
 —sin[(k(t)—ks(t))-  ru]sin[kg(t)• 
                    x  g-sin  Odt  •  dkp  •  dB •  dco, 
where  kD is absolute value of the deviation of the waves from the real propagation vector 
 ks; and we can assume a Gaussian distribution with standard deviation of  ko. Equca-
tion (68) is further rewritten, considering that
 ks(t)= k(t), 
we can choose only dominant erm without phase mixing, as 
    R(t)=             1 •T+tjrz r2r  13Tt •a(t)e-(kDik°"• cos[(k(t)— ks(t))•                   JOJO JO 2(70-2-ko  
•  cos[  kD(t)  •  ri.jki,  sin  OcitdkDdOdca. 
The deviation vector  kD changes with the characteristic times which  co 
several components. That is, the  deviation angle from the direction of th( 
to the spherical geometry of the global feature of earth's ionosphere  cl
function of the elevation angle of  the observing source ; the characteristic 
deviation is, therefore, a half day. The scintillation has characteristic time 
to second or even the order of  1/10  second.  When  we  integrate  the  signal 
 (T  =  5.6 x  105 sec) with condition (69) therefore, the results are given by, 
 jo- cha(tn)  exp[  —(kplko)2] 
               - 2   
•  cos[  (k(t)  —  ks(t))-  ru]cos[kp•  ru]  •  kidkp, 
where  tn=  kTp +  nr (see eq (12)). Integrating with the argument  kD and  c( 
condition  korzi<1, then, it follows that 
 R(tn)=  kO  •  a(tn)cos[(k(t)—  ks(t))  •  ru]. 
The result shows that the directivity follows the function, f as 
 f  =cos[(k(t)—  ks(t))  •  r,,] 
where (k(t)— ks(t)) shows the averaged ifference during a long period T .
(69)
(70)
th e aracterist c i es ich  nsist of the 
 leviation gle m e irection f e source due 
lobal f ature f rth's i nospher   hanges as a 
  serving urce e aracterist c time of this 
e intillation s aracterist c i es from hours 
 cond.  hen    i tegrate  e  i - l for a week
(71)
 onsidering a
(72)
 Thus only 
the direction coincides with k(t) can be obtained by filtering out the deviation  kD(t). As 
has already been given in Secs. 3 and 5, the discrimination function of LBLIS provides the 
resolution of arc second, being controled by  cosi(k  —  ks)•
6.2 Deduction of Black Hole Mass 
   Already detailed discussions have been made starting from Sec. 2 for the model and 
mechanism of D-PRBH's (the decameter pulses related to the black hole). The deca-
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Fig. 27. A simplified case where the motion of test star can be explained with a single 
   reduced mass of  Misin( +  82) (case b) instead of of  M1  + M2 (case a) corresponding 
   to Central and East CBH's for a short period of observation less than 10 decade 
    or  so.
meter radiation is not simply caused by the electromagnetic environments of source 
regions but there is a very essential mechanism caused by the red-shift due to the general 
relativity around the static limit of Kerr black holes. This becomes significant clue to 
deduce the masses of the black holes from periods of rotating black holes. For the cause 
of the pulse formation, the discussion has also been made in Subsection 2.4 in Sec. 2. 
One of the most important evidence to support this current of the model and assumption 
to deduce the black hole masses has been provided by the measurement of the period 
change of the black hole Gac. Without any assumption we can estimate the lower limit 
of the mass for Gaa and  Gab  ; as has already been given in the Subsection 3.4 in Sec. 3, 
we are definitely observing the super massive black holes. After progresses of the quest 
for the super massive black hole in the center of our Galaxy, one confidential result has 
been given by Genzel et al. in  1996  ; they concluded the necessity for a dark central mass 
of 2.5-3.2 x 106  Me for interpretation of their observations of stellar motions. When we 
select the Central CBH (cluster of the black holes) which consists of eight super massive 
black holes starting from Gaa, the total mass becomes  3.13(  +  0.06)  x 106  MG. This result 
looks like showing consistent investigation of the contents of the dark central mass with 
similarity between the predicted total mass. However there still remain another large 
cluster of the black holes, i.e. East CBH where five black holes are associated with total 
mass of  1.40(±0.03)  0.03) x 106  Mo with distance of 0.04 pc from the center. Some of discrep-
ancy for understanding the total mass is possibly caused by the separation of the black 
holes into clusters, especially separation of group of black hole into Central and East 
CBH. If we select an extremely simplified example case as has been given in Figure 27, 
with an assumption of the position in x-y plane where the gravity force on a test star 
is in the y direction because of balance of the force in the x direction (panel a). The 
total force is then given by
SUPER MASSIVE BLACK  HOLES  : CENTER OF OUR GALAXY 71
                       G[Mi.sin(A+ 02)] m      F
y=(73)                                sini92[x2-Fyl 
If we infer situation of a single central mass, the situation is considered as given in the 
panel b of Figure  27  ; it could be assumed that the central mass of Misin(  01+ 02) is 
affecting on the test star with the distance  {sin  02[x2  +y2]}1/2 in perpendicular to the 
motion of the test star. Although the argument here is over simplified, we still see such 
a possibility to have reduced total  mass  ; rather than having  M1  + M2, the mass of 
 Misin(  A  + 02) would be inferred. Being based on the newly found situation of the 24 
black holes which belong to four clusters surrounding the center of the Sgr A West, 
within 0.08 pc, the observed stellar motion should be re-analyzed.
7. Conclusion 
   The observations of the pulse components of decameter radio waves have been 
carried out in the frequency range from 21.186 MHz to 29.0 MHz, using two interfer-
ometer systems called here short baseline interferometer system (SBLIS) and long 
baseline interferometer system (LBLIS). For observations of pulses narrow frequency 
band receiving system with 50 Hz bandwidth is adopted to compensate the frequency 
dispersion due to long distant propagation through the Galactic space. Fourier analyses 
method is applied to find the pulse  periods  ; because of extreme high level back ground, 
the Fourier analyzed data have been accumulated almost 106 times that gives  la 
significance for 0.15%  deviation  ; the method called here Method of Extended Fourier 
Analyses with Mega-times Trial (MEFAM). Based on MEFAM results, the box-car 
method has also been applied to confirm the existence of the decameter pulses with 
period which can be decided with accuracy of  10-6. Since 1985 we have studied a source 
of decameter pulses with period of 0.421605 sec. From direction of the source, disper-
sion and observed power level it has long been inferred that the source is rotating black 
hole. This conclusion is confirmed in the present study and the object is named  Gay. 
As the results of studies based on MEFAM analyses, we have first identified 24 sets of 
decameter pulses from the sources in the central region of Sgr A West. Because these 
pulses are not from the neutron star, we call them decameter pulses related to black 
holes (D-PRBH). All of D-PRBH's are named  "a" to "x" starting with the code, Ga, i. 
e., they are called Gaa, Gab,   Gax. Being based on the MEFAM data, for the 
periods, spectra, the pulse shapes, power, frequency dispersion measure, and the direction 
of the sources decided with one arc sec accuracy, for all of the D-PRBH's, we have 
concluded that all pulses are coming from rotating black holes and discovered further 
evidences as  follows  : 
   1. The sourcesof D-PRBH are at the static limit of Kerr black  holes  ; radiation 
powers in wide wavelength ranges are therefore compressed in a low frequency range 
covering the decameter wave length range. 
   2. All of D-PRBH's have a single major dip with two kinds of the  subdips  ; the first
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is the single sub dip type (two dips in total) and the second is the double sub dips type 
(three dips in total). These dips are corresponding to the regions where the radiations 
are reduced. One of the plausible cause for this reduced emissions is the existence of 
eddies in the region near the static limit. The eddies may impede the smooth infall of 
the plasma into the black holes due to the generated magnetic fields around eddies. 
   3. Produced eddies are estimated to have long life time compared with the case of 
the red spot on the Jovian  surface  ; the eddies persist for the period almost comparable 
to the entire growth time of the black holes. The detected D-PRBH's are then direct 
images of eddies rotating near the region of the static limit keeping the Kepler's third 
law. Based on the detected pulse period, therefore, the masses of the black hole have 
been obtained. 
   4. Using the relation of the mass M, and the pulse period  T(M=0 .980  x  104T) with 
the mass unit of one solar mass  Me with sec for the period T, the list of masses for all 
24 black holes is made. The largest super massive black hole Gaa is found at the center 
of the Sgr A West rotating with period of 130.001 sec. (changing by  +10' due to the 
orbital motion of the earth) with the mass of  1.25(±0.03)  x 106  Mo. The smallest 
massive black hole is Gax with period of 0.327214 sec and with the mass of  3.15(±0.06) x 
 103  Mo  ; this black hole belongs to the south cluster of the black holes with  Gav that has 
been studied for 15 years in our works. 
   5. The positions of black holes are measured with resolution of 1 arc sec. It has 
been disclosed that the black holes belong to four clusters of black holes (CBH) except 
for two at individual positions. In the Central CBH, eight black holes Gaa, Gab, Gac, Gaj, 
Gak, Gan, Gao and Gai are  included  ; these black holes give total mass of  3.13(±0.06)  X 
106  Me. In the East CBH which is shifted towards east about 1 arc sec from the Central 
CBH, five black holes, Gad, Gae, Gaf, Gag, and Gah are  included  ; the total mass of East 
CBH is  1.40(  +  0.03)  x 106  Me. In West CBH, six massive black holes with total mass of 
 1.23(±0.03)  x  105  Mc, are  included  ; they are Gal, Gam, Gap, Gaq, Gar and Gat. The 
position of West CBH is shifted by 4" towards west from the center of Sgr A West. 
South CBH is located about 0.7" towards south-west from the center of Sgr A  West  ;
three black holes  Gay, Gaw and Gax are  included  ; the total mass is  1.05(±0.02)  x  10' 
 Me. Being shifted towards north by 4" from the center of Sgr A West, there is an 
isolated black hole Gas and the position of Gau is shifted by 1.8" towards south west from 
the center. 
   6. Results of MEFAM analyses how the effects of frequency modulations on the 
observed main spectra with the harmonics of the pulse frequency of D-PRBH's. By 
analyzing the modulation index, the orbital motion of the Kerr black holes can be 
measured. There are many pairs of black hole binary where two or multiple black holes 
are making orbital motions with high speeds. For these cases the list of coupling 
systems has been made. Two major black holes Gaa and Gab are making also close 
binary of the black hole system orbiting with period of 964 sec with distance of 1.92 x  10' 
 km  ; the orbital speed of Gaa and Gab are 5.58  x  104 km/sec and 6.91 x  104 km/sec, 
respectively. Three systems of close black hole binary are found in Central CBH, two
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in East CBH, one in West CBH and South CBH. Extreme case of the shortest rotation 
period is in Gaw and Gax system where two black holes with the mass of 3.09 x  103  Me 
and 3.02  x  103  Mc) are rotating with period of about 2 sec. We should conclude, how-
ever, that there is no high radiation of the gravity waves because the binary systems are 
persisting for a long time making the black holes growth to be such super massive 
objects. 
   7. All of D-PRBH's show Doppler shift in their period being synchronized with the 
observation season due to the orbital motion of the earth. However, the rate of period 
change of Gac is extremely high, showing the sinusoidal variation of the period with 
period of 6.5 years. From the observation result vsin8 value is obtained to be 7.53 x  102 
km/sec. From these data, then, lower limit for the total mass of Gaa and Gab that are 
making orbital motion with Gac is estimated. The obtained lowest limit mass of 1.05 x 
 105  Mc) gives absolute importance to conclude that D-PRBH's are definitely from the 
black hole sources, because we have no special assumption for deduction. Using already 
obtained mass-period relationship, we have concluded that  0=24.3°  , Gaa and Gab have 
the masses of  1.25(±0.03)  x 106  Me and  1.01(±0.02) x 106  Me, respectively, in actual 
case. 
   Finally we can state that new era of the studies on the real image of the black holes 
has come by the investigation of the decameter radio wave pulses from the center of 
galaxies.
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Appendix 1 
   Whenthe material flows into the black hole, we can assume that the kinetic energy 
has been thermalized in every moment of the growing stage with radius and mass  M(r), 
then we can assume that 
 GmMmc2   xT  ==(A-1) 
                 r2'
where T is temperature at the level of r inside of the black hole. Assuming free motion 
of material inside black hole due to extreme high temperature, we invoke a stage of 
pseudo fluid and have relations 
                   ap_ n( 2GmM                mr,i22), (A-2) 
                  dr\1- 
with
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 p=  nxT  , (A-3) 
where p is pressure and n is number density of elementary particles with mass  m  ; Q is 
the angular speed of the rotation. By the relation given by equation  (A-1), the solution 
is obtained as 
            n(r)=;"exp(12(A-4) 
              rR 
where R is the present radius of the black hole. When the present mass M of the black 
hole is expressed by 
                      M=MfR                                 chrr2n(r)dr, 
                                            0 The moment of inertia is expressed by 
                 /= fR                87r n(r)r'eir. . (A-6)                          3 0 
For the case of n(r) given by equation (A-4), the integration in equation (A-6) gives the 
result, as 
 /=0.386MR2  (A-7) 
For this case x is, then, given as  x=0.386. When we allow the differential rotation 
inside, rotation speeds in all part of the black hole becomes the light velocity. That is 
 rS2—c. (A-8) 
Then, considering equations (A-2) and (A-3) with  (A-1), it follows that 
                       1 an 1                                   (A-9) 
 n  ar  Y  • 
The solution becomes, then, as 
                                      r
 (A-10)                           n=—Rno 
From equation (A-6), then, we have the result as 
 I  =  0.444MR2  (A-11) 
The x value is then given as 
 x=0.444.  (A-12) 
Appendix 2 
   In thedisc region in the Galactic center, the traveling time T of the electromagnetic 
waves through the plasma is given by 
             T 1  ri-FL dr                 c Jr1 
vli81N(r)  ' (A-13)  f2 
where f and N(r) are the frequency of the wave and the number density of  electrons  ;
                   n= V 1 
 ni—n(n), 
and 
we can write 
 47,  _  —831                     cf  L 
as given in equation (56). 
Appendix 3 
 When we consider a band width  ar 
 expressed by 
                       sin[                    K-J0m=0 To x •           g(t)= lim 
                xcos{co(t— Li)* 
where LI is a blurring time due to the 
text. The detected power is then  expr
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f and  N(r) are given in the unit of kHz and 1/cc, respectively. In equation (A-13) L is 
the distance of the propagation. When we assume the N(r) function as 
 N(r)=(ro/  r)2No. (A-14) 
The frequency dispersion is expressed by 
           4T, —8rONo(1-1 ri rdr                                                       (A-15)           cf3J r1 (rOlVolf2r22f. 
Integrating by  dr, then, it follows that 
 LIT_[  1•   4N0   .(  40.11T2 ,the                                                    (A-16)r 81/
ro\2N
ocf ri'                       f2r) 
where 
 T2=  L
Considering that 
                         81(  
rro \No           P)' (A-17)
 n2=  n(12) 
 N212  N1n 
 n2  ni (A-18)
  ound  nip in equation (58), the pulse form g(t) is 
 ed 
                         1/11)1 •ex711)               1"-±1sin[x(co— 
     —Jo =oT (co— mg)PTo(A-19) 
            Tsi)+  com}dTsi,
Ts' i l i i multi-path effect and same with  Ts in the main 
essed by
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                 NN
Jr.amE  K-0  m—On=0 o  0 4 
 X sin[x(ah—mp)]•sin[x(co,—np)]  
 x2(w1—n1P)(0)2—  TIP) 
                                                       (A-20)               X( 1eTs1T+0T")•[e.                                                             z[(.,+.2)t-wiTs,-.2Ts2+9,a+9,n1 
 ei[(co1-.2)t-wiTsi-i-co2Ts2+9,m+9ni 
 +  c.c.]  dwidco2dTsidTs2, 
where  col and  r.o2 are independent angular  frequencies  ; and T31 and  T82 are independent 
blurring times. In equation (A-20) c.c. means complex conjugate. To have the power 
that is obtained after time integration, therefore, we can select erms that are not phase 
mixed during a given time intervals, as 
 I  = 1 f fexp( T31+  712   \               TO00-T0 ) 
                      X ez"'-,,,,,,,1Ts,-.27...H-com+9,i (A-21)  
•  dTs1dT52, 
when  T32>  T51, we can rewrite equation (A-21) as 
            I=-7-,1 fex (  2711+x         10200P  To  ) (A-22) 
 X ei[(wi-wz)t-(wi-w2)Tsi-w2x+QPm-0,n]dT                                                            dx. 
After integration by dx and  dT,, then it follows that 
                                            ei[(wi-W2)t±9,7,]
 I=to,(A-23)                         -r-col—co2) To)(1—koz TO)• 
For the case of  TA  >  Ts2, we can rewrite equation (A-21) as 
 I  = 1f-f-eX2T,2-x             TOoPTo) 
                         X  ei[(0)1-0,2)t-(wi-co2)Tsz-wix+9,m-Conl (A-24) 
 dTs2• dx. 
By integrating, then, it follows that 
 ei[(wi-W2)t,-(9m-son)]  I(A-25)                     (2 + i(
col — co2) To)(1 —/*col To) 
Then equation (A-20) is rewritten by
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 P(t)2lim iv ivros(0.a2n,dwidc02    g—oom=0n=0J-9.1— 2 
 x   sin[x(  —  mp)]  •sin[x(co2—  np)]
xf
 x2(a)1 mp)(oh—  np) 
 cos[cm—  (02)t  +  co.— g5,n+  01+  0]
 [1  +  (co,  —  w2)2  11H-AT
 COS[(WI—  602)t  COnz—  COn+  02+  0]
(A-26)
 [1  +  (wi  —  601)2  Toe]  •  [1+  (t)  T02]
where
When we investigate equation (A 
for  oh=  oh=  7nP;  i.e.
 —  tarcl  oh  To, 
 02=  —  tan'  w2  To, 
 =tan-1(w1—  co2)  To. 
-26) meaningful level of the result can only be obtained
 p(t)2=
 cen (A-27)
 1+(mpT0)2
The absolute value of the Fourier amplitude is then expressed by
Ip(t)1=
 am
This expression of the amplitude
  {1  +  (  mio  To)2}"  • 
is applied in equation(59).
 (A-28)
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